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SYSTEMATIC BEHAVIOR DURING DISCRIMINATION REVERSAL AND CHANGE 
OF DIMENSIONS! 
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The present study is a preliminary attempt 
to determine some of the factors governing 
systematic behaviors, such as position habits, 
observed in discrimination learning. Systematic 
behavior as used in this paper refers to a 
sequence of choices correlated with one aspect 
of the stimulus situation regardless of whether 
or not these choices are correlated with the 
reward. The present study is concerned with 
three related aspects of such systematic be- 
haviors: (a) It attempts a preliminary answer 
to the question of whether or not, while the 
animal is reacting systematically to one set of 
cues, other aspects of the stimulus situation 
are essentially nonfunctional in the sense 
that their correlation or association with 
behavior remains unchanged by the schedule 
of reinforcement; (b) it seeks to relate the 
amount and type of systematic behavior found 
to the number and type of randomly varying 
stimulus dimensions in the situation; and (c) 
it raises the question of how much of the 
progressive improvement in discrimination 
reversal can be accounted for by the differ- 
ential rates at which these systematic be- 
haviors are eliminated. 

The first point above needs some elabora- 
tion. Although it bears on the controversy 
between the continuity and noncontinuity 
viewpoints toward discrimination learning, the 
actual design of the experiment is quite differ- 
ent from the usual discrimination reversal 
study that has been employed in this context 
(1, 2, 3). The simultaneous discrimination 
used here employs three different stimulus di- 
mensions: (a) right vs. left spatial positions, 
(b) black vs. white brightness differences, 
and (c) high vs. low hurdles. These three 
pairs of cues are combined randomly from trial 

1 This study was supported in part by a research 


grant from the Behavioral Sciences Division of the 
Ford Foundation. 


to trial with the food reward always corre- 
lated with one of these six cues, e.g., black. 
When an S has learned this discrimination, 
there should be considerable differential habit 
strength between the black and white but 
little or none between the two types of hurdles 
and the two spatial positions. 

The reward is now correlated with some 
cue other than brightness, e.g., high hurdles. 
During this second discrimination, where a 
correction procedure is used, the animal re- 
ceives an equal number of reinforcements and 
nonreinforcements in the black and in the 
white as well as in each of the two spatial 
positions. The assumption is made that ac- 
cording to the continuity hypothesis this 
equivalent treatment of the two brightness 
cues should tend to equalize them in associa- 
tive strength. The test comes on the third 
discrimination. 

Tf learning the hurdle discrimination has 
equalized the two brightness cues, it should 
make no difference to S if the reward is now 
correlated with the black, the positive cue of 
the first discrimination, or with the white, the 
negative cue of the first discrimination. Each 
should be learned at the same rate. If, however, 
the S that returns to the black learns con- 
siderably more rapidly than the S that must 
learn the white, it indicates that during the 
interpolated hurdle discrimination the original 
discrimination was not equalized or broken 
down. While not conclusive, this would at 
least suggest the possibility that while the Ss 
were reacting to hurdles in a systematic fashion 
the black-white cues were largely nonfunc- 
tional. 

METHOD 


Subjects and Apparatus 


The Ss were 48 albino rats approximately 60 days 
old, divided equally between males and females. The 
discrimination apparatus consisted of a starting box 


that led by means of a sliding door into a mesh-covered 
alley which was 6 in. long, 2! in. wide, and 434 in. 
high. It opened into the small end of a funnel-shaped 
compartment 7 in. long and 9 in. in width at its far 
end. Facing into the broad end of the funnel were two 
goal boxes each 10 in. long and 415 in. wide. These 
were covered by a glass lid and contained sliding doors 
to prevent retracing. The food cups were countersunk 
holes at the far end of the goal boxes. The entire ap- 
paratus, except for the goal boxes, was painted a 
neutral gray. Four different types of goal boxes, two of 
each type, were constructed: they were (a) a black box 
with high hurdles, (b) a black box with low hurdles, 
(c) a white box with high hurdles, and (d) a white box 
with low hurdles. The hurdles were Lj-in. plywood 
painted the same color asa given goal box. Four of these 
hurdles were placed at equal distances throughout the 


length of a goal box. The high hurdles were 115 in. 
high and the low ones M4 in. high. Any g 


iven pair of 
these goal boxes could be presented on a given trial. 


Procedure 


Two weeks prior to the experiment the Ss were 
placed on a hunger schedule of 2 hr, of free feeding 
followed by 22 hr. of deprivation. This schedule was 
maintained throughout the experiment. During this 
initial period they were tamed by daily handling. They 
were then adapted to the apparatus by being placed 
successively in each of the four types of goal box and 
being left until they ate some of the wet mash placed 
in and about the food tray. On each of the following two 
days they were given eight forced runs from the start- 
ing box equally distributed between the two spatial 
positions and the four types of goal box. 

The Ss were then distributed into six 
an equal number of males 
groups were as follows: 

Black-white reversal constant 
learned eight discriminations with 
positive on the odd-numbered dis 
other brightness cue positive 
ones. Half the Ss in 
in both 
hurdles. 

High-low hurdle re: 
similarly learned eigh 
cue positive on the 
the other on the ey 
both goal boxes we 
they were black. 

Black-white rey 
were treated e: 


groups, with 
and females in each, The 


(BWRC). These Ss 
1 one brightness cue 
criminations and the 
9n the even-numbered 
this group always had high hurdles 
goal boxes on every trial, and half had low 


versal constant (HRC), These Ss 
t discriminations with one hurdle 
odd-numbered discriminations and 
en-numbered ones, For half the Ss 
re white on every trial, and for half 
versal random (BWRR). These Ss 
xactly the same as the BWRC group 
except that the goal boxes differed not only in bright- 
ness and spatial Position, but in that one always con- 
tained high hurdles and the other low hurdles on a given 
trial. These three dimensions were combined randomly 
on a given trial with the restrictions that (a) no pair 
of cues, such as black and left, would occur together 
for more than two successive trials, (b) the reward would 
not occur with either hurdle cue or either spatial posi- 
tion for more than two Successive trials, and (c) all 
combinations of cues would occur equally often. Thus 


this group had one more random stimulus dimension 
present than did the BWRC group. 
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High-low hurdle reversal random (HRR). This group 
Was treated exactly the same as the BWRR group a 
cept that the reward was correlated with one kura 
cue on the odd discriminations and the other on the 
even ones. 

Change of dimensions (CD). These Ss had the same 
stimulus arrangement as did the previous two groups 
On the first discrimination the reward w correlated 
with one of the brightness cues, e.g., black. When this 
discrimination was learned, the reward was then cor- 
related with one of the hurdle cues, e.g., high hurdles. 
On the third discrimination the reward again was a 
related with black, the same brightness cue that hac 
been positive on the first discrimination. This shifting 
from dimension to dimension, with the same cues al 
positive on a given dimension, was continued for ! 
discriminations. E 

Change of dimensions and reversal (CDR), This 
group was treated exactly the same as the CD group on 
the first 2 discriminations. On the third, however, when 
the Ss returned to the brightness discrimination, the 
reward was correlated with the white, the negative cue 
of the first discrimination. Similarly on the fourth 
discrimination when they returned to the hurdles di- 
mension, the reward was correlated with the low 
hurdles, the negative cue of the second discrimination. 


This procedure was continued throughout 16 discrimina- 
tions. 


Originally six Ss were assigned to each of the re- 
versal groups and 12 to each of the change of dimen- 
sions groups. Due to the rigors of the motivation sched- 
ule and to middle ear infection, complete records were 
obtained for only five animals in each of the four ree 
versal groups, ten anim: sin the CD group, and six in 
the CDR group. All training was by a Lashley-type 
correction technique so that a trial consisted of one 
rewarded response. Five trials a day, six days a week, 
were given with a half-hour between trials. The cri- 


terion of learning was 13 correct out of 15 consecutive 
trials, 


RESULTS 


is apparent that 
Scrimination, the 
© groups were trained 


f | Toup learns each dis- 
crimination more slowly on the average than 


does the CD group. These differences were 
tested by assigning each S two Scores, the 
sum of the trials Tequired to reach the cri- 
terion on the last 7 black-white discriminations 
and the sum of the trials for the last 7 hurdle 
discriminations, When the mean differences 


between the CD and CDR groups for these 
two types of scores Were tested, 


‘ore: the resulting 
t values were Significant beyond 


the .01 level 


^ 


DISCRIMINATION REVERSAL IN RAT 


in each case. This supports the suggestion 
that learning a new discrimination involving 
a different set of cues in a constant stimulus 
situation fails to break down a previously 
learned discrimination involving a different 
set of cues in that same situation. 

The comparison of the four reversal groups 
in terms of the mean number of trials required 
to reach the criterion on each of the 8 dis- 
criminations is shown in Figure 1. An analysis 
of variance was performed on the trials to 
criterion for the first discrimination. The 
difference between the two black-white re- 
versal groups versus the two hurdle groups 
was significant beyond the .01 level, that 
between the two random versus the two con- 
stant groups was significant beyond the .05 
level. Thus, even with these few Ss there is 
evidence that from the beginning the addi- 
tion of a second random stimulus dimension 
"masks" or makes more difficult a given 
discrimination. The fact that the interaction 
in the above analysis was significant at the 
.05 level suggests that this masking is greater 
when the black-white dimension is introduced 
into the hurdle discrimination as a random 
variable than when the converse is true. 

The same analysis was performed on the 7 
reversal discriminations, 2 through 8, by as- 
signing each S a score which was the sum of 
its trials to criterion on these 7 discrimina- 
tions. It was necessary to convert the scores 
to logarithms in order to produce homogeneity 
of variance. Again the difference between the 
black-white and hurdle groups and the differ- 
ence between the random and constant discrim- 
inations were each significant beyond the 
.01 level. There was, however, no evidence of 
a significant interaction effect. 

"There is an interesting contrast between the 
HRR group and the CDR group. The latter 
had 16 discriminations during which it re- 
versed the hurdle discrimination seven times 
just as did the HRR group in its 8 discrimina- 
tions. The CDR .Ss had learned the first hurdle 
discrimination by the end of the second 
discrimination, the HRR Ss by the end of 
the first. Consequently, each S in the former 
was given a score which was the total number 
of trials including criterion trials required to 
complete the remaining 14 discriminations, 
and each S in the latter was given a similar 


we 


Se ee, 1 3E 3x 3157 


SUCCESSIVE DISCRIMINAT 


Fic. 1. Trials to criterion for each of the six groups 
on successive discriminations. 


score for the remaining 7 discriminations. 
The HRR group averaged a total of 676.0 
trials for these 7 discriminations while the 
CDR group averaged 618.5 for the 14 dis- 
criminations. While not statistically significant 
for these few animals, this difference suggests 
the possibility that the interpolated black- 
white discriminations facilitated the hurdle 
reversal to a greater extent than did con- 
tinuous training directly on the hurdle re- 
versals. 

To obtain some suggestion as to the differ- 
ences in systematic behavior between the 
various groups, the records were scored as 
follows. Any sequence of four or more trials 
on which the initial choice of an S was cor- 
related with a given cue, e.g., four or more 
successive initial choices to the black, to the 
left, or to high hurdles, was classified as a 
run or systematic behavior. All shorter se- 
quences were scored as unclassified trials. 
Thus, there were four scoring categories: runs 
correlated with the relevant dimension, with 
the irrelevant, with spatial position, or un- 
classified trials. The reason for choosing four 
trials as the minimum unit was that the trials 
were so arranged that no pair of cues, such 
as black and high hurdles, ever occurred to- 
gether for more than two consecutive trials. 
Consequently, if an S tended to follow black 
for four consecutive trials, it would have done 
so despite the fact that black had been paired 
as a rule with all four of the possible combi- 
nations of space and hurdle cues. The runs 
counted were nonoverlapping in that a. given 


TABLE 1 


Analysis of Systematic Behaviors Based on 8 Discrim- 
inations for Reversal Groups and 16 Discriminations 
for Change of Dimension Groups 


Category of Respons 


Group 
BWRR Total trials 20.2 37.0 40.0 
Aver. run length 5.32 7.41 5.44 
% of trials I 46 E 2 
BWC Total trials 20.6 46.0 
"er. run length 4.90 
% of trials 21 46 
"RR | Total trials 139.8 | 220.8 | 115.6 | 132.0 
Aver. run length 6.79 6.94 5.30 
^t. of trials 23 36 19 22 
HRC Total trials 73.6 | 63.2 87.8 
Aver. run length 6.46 5.64 
^t. of trials 33 28 39 
CD Total trials 99.8 31.8 42.8 48.0 
Aver. run length 6.68 5.01 4.84 
% of trials 45 14 19 22 
CDR Total trials 189.5 92.7 54.8 | 105.7 
Aver. run length 6.98 5.62 4.57 
of trials B 21 12 24 


trial was assigned to only 
possible scoring categories, 
be assigned unambiguously, 
were not included. 


To obtain an approximate value for the 
expected percentage of trials that would be 
classified as systematic runs of this type if 
S's behavior were purely random, empirical 
Samples were constructed as follows. Using a 
Set of 30 consecutive trials that had occurred 
in the experiment and à table of random 
numbers, it was determined Which of the two 
goal boxes an S would have chosen on a given 
trial. Thirty-six such sets of trials were sam- 
pled. These were then scored for the four 
categories of response just as in the actual 
experiment. For the Situation in which three 
Stimulus dimensions Were present, the per- 
centage of trials was classified under each of 
the four categories as follows: position, 21.3; 
brightness, 17.3; hurdles, 24.5; and unclas- 
sified, 36.9. By chance, then, one would expect 
approximately 37 per cent of the trials to be 
unclassified and 21 per cent to be systematic 


one of the four 
Each trial could 
Criterion trials 
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responses in each of the other three cate- 
gories. These percentages tend to be inde- 
pendent of the number of trials considered. 
Doubling the number of trials from 30 to 60 
would add a negligible increment to the per- 
centage of systematic behaviors because of 
the fact that occasionally a sequence of four 
might start at the end of the first set of 30 
trials and continue into the second set of 30 
trials. When these same data were scored as 
though only two stimulus dimensions were 
present, e.g., brightness and position, 54 per 
cent of the trials were unclassified and 23 
per cent were systematic runs on each of the 
two dimensions. : 

The actual results of this type of analysis 
for the six groups are shown in Table 1. The 
Scores presented are the average number of 
trials per animal of each type of response for 
the entire training period, i.e., 8 discrimina- 
tions for the reversal groups and 16 for the 
change of dimension groups. It should be 
noted that in the four groups having two ir- 
relevant stimulus dimensions, the BWRR, 
HRR, CD, and CDR groups, more than Ao 
per cent of their trials consisted of systematic 
runs of four or more trials in length. Several 
such runs tended to occur on each discrimina- 
tion. The percentage of trials accounted for by 
this systematic behavior for the various groups 
appears to be independent of the total number 
of trials involved. f 

Comparing the four reversal groups, it 15 
apparent that in going from the constant to 
the random conditions all means for the various 
categories tend to be increased, The increase 
in position responses, however, is dispropor- 
tionate to the increase in Other types of be- 
havior, suggesting that When an additional 
irrelevant. stimulus dimension is added, the 
additional number of trials required to master 
a discrimination consists largely of systematic 
position responses. An analysis of variance of 
the data for the reversal groups, using only 
the position, relevant, and unclassified cate- 
gories for the random groups because they are 
the only ones held in common with the con- 


Stant groups, is shown in Table 2 
portant contrast is the 


random vs. constant reve 
position vs. other types c 
teraction is sigi 


1 The im- 
Interaction. between 
rsal Broups and the 
f response, "This in- 


nificant at the 02 level, This 
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disproportionate increase in position responses 
with the introduction of a random irrelevant 
dimension occurs equally in the BWRR and 
the HRR group. Along with this tendency 
toward disproportionately increased position 
runs, there is also an increase in the number 
of systematic runs on the irrelevant dimension. 
This latter tendency is stronger in the HRR 
than in the BWRR group, presumably because 
of the greater “masking” power of the black- 
white as contrasted with the hurdles. 

A similar result is found in the contrast of 
the types of systematic behavior shown by the 
CDR and the HRR groups, as indicated in 
Table 3. In this analysis all 16 discriminations 
for the CDR group were used. The difference 
in means for the two groups on systematic 
runs to the relevant and irrelevant dimensions 
shown in Table 1 is largely an artifact of the 
scoring. In the HRR group the negative stimu- 
lus of the present discrimination was always 
the positive stimulus of the immediately pre- 
ceding discrimination. Consequently, when a 
discrimination was suddenly reversed and an 
S continued to respond systematically to the 
previously positive stimulus, it was counted 
as a run on the relevant dimension. In the 
case of the CDR group such a run to the 
previously positive stimulus was classified 
under the irrelevant dimension because of the 
change in dimensions involved from one dis- 
crimination to the next. 

The important contrast is the interaction 
between the CDR vs. HRR group and the 
position vs. other types of response. This is 
significant at the .02 level even for these few 
animals. The suggestion is that the seven re- 
versals of the hurdle discrimination in the 
CDR group are easier because the interpolated 
black-white discrimination prevents the build- 
ing-up of systematic position responses such 
as are found in the HRR group. 

The final analysis of the data concerned the 
differential decrease in these various types of 
behavior as discrimination training continued. 
For each animal in the four reversal groups 
the average number of trials per discrimina- 
tion for each category of response on the first 
two reversals, discriminations 2 and 3, and 
the last two reversals, discriminations 7 and 8, 
was computed. The differences between these 
averages are shown in Table 4. For compari- 


un 


TABLE 2 


Analysis of Variance of Position, Relevant, and Un- 
classified Responses During Eight Discriminations 
for the Four Reversal Groups 


Contrast dy Variance 
1. Random vs. constant 1 
2. Black-white vs. hurdles 1 
3. Type of response 
a. Relev. vs. unclass. 1 3,010.23 
b. Pos. vs. rel. & unclass. 1 16,077.67* 
4. Interactions 
a. 1X2 1 
b. 3a X 1 1 
c 3b X 1 1 
d. 3a X 2 1 
e. 3b X 2 1 
[212623 2 
5. Individuals 16 
6. Ind. X Type of Response 32 


ificant at the .05 level. 
ficant at the .01 level. 


TABLE 3 
Analysis of Variance of Types of Response for the 
HRR and CDR Groups Based on 8 Discriminations 
for the HRR Group and 16 Discriminations for 
the CDR 


Contrast df Variance 


1. Type of response 


a. Irrel. vs. rel. 1 39,229.17** 
b. Uncl. vs. irr. & rel. 1 364.00 
c. Pos. vs. rel. & irr. &un- | 1 6,736.72 
class. 
2. HRR vs. CDR 1 18,682.69 
3. Interactions 
a. la X 2 1 16,640.30 
b. 1b X2 1 786.62 
6. 16562 1 27,365.68* 
4. Individuals 9 4,309.39 
1,896.49 


5. Ind. X Type Response 


ignificant at the .05 level. 
gnificant at the .01 level. 


TABLE 4 
Average Decrease in Trials for Various Types of 
Response Between First and Seventh Reversal of 
a Discrimination 
Type of Response 


Group 


Irrelevant Spatial | Relevant |Unclassitiec 
Dimension Position Dimension | Trials 

BWRR —0.6 4.5 29 

BWC 3.1 47 

HRR 7.8 19.2 5.1 

HRC 13.2 87 

CD 3.8 1.9 0.9 

CDR 4.0 11.0 3.6 
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son similar averages were computed for the 
CD and CDR groups involving discriminations 
3, 4, 5, and 6 and discriminations 13, 14, 15, 
and 16, even though no reversals were in- 
volved in the CD group. It is apparent from 
this table that three out of the four reversal 
groups show the maximum reduction in trials 
to the criterion as a result of a decrease in 
systematic responding to the position cues. 
The exception is the BWC group. In the change 
of dimensions groups, it is also a decrease in 
systematic response to either the position or 
to the irrelevant dimension that accounts for 
most of the observed decrease in trials. 


DISCUSSION 

The results of this study must be interpreted 
with caution, first, because of the relatively 
few Ss in each group, and, second, because the 
Statistical properties of the measure used to 
indicate systematic behavior are largely un- 
known. 

One of the more suggestive results of the 
experiment is the contrast between the CD 
and the CDR groups, It is quite clear that 
reversing the positive and negative cues each 
time an S returns to a given dimension, as in 
the CDR group, produces increased inter- 
ference as contrasted with the performance of 
the CD group, where a reversal is not in- 
volved. There are at least two possible inter- 
pretations of this effect. It 
when the CD Ss learn the h 
tion and then are shifted to 
the time they spend on the black-white is in- 
sufficient to equalize the habit strengths of the 
two cues on the hurdle dimension. 
mean that even though their pe 
the black-white reached 
there was still a latent di 
hurdles, Consequently, 
to the hurdle discrimin 
in the positive and 


is possible that 
urdle discrimina- 
the black-white, 


This would 
rformance on 
criterion accuracy, 
scrimination on the 
when these Ss returned 
ation, with no changes 
1 à negative cues on this 
dimension, they would show positive transfer. 
The CDR group on the other hand would 
show negative transfer. 

this hypothesis would be 
groups on these two 
but with varying amounts of overlearning on 
each. In terms of the continuity viewpoint, 
this should equalize any residual discrimina- 
tion, and thus remove the difference between 


The crucial test of 
to train additional 
lypes of discrimination 


the CD and CDR groups. Such a study is 
underway at present. R " 

If it is assumed that this overlearning does 
not get rid of the superiority of the CD group, 
it would support an interpretation that during 
the interpolated black-white discrimination 
the hurdle discrimination is largely nonfunc- 
tional in the sense that the response tendencies 
associated with these cues remain unchanged 
even though the Ss are being reinforced and 
nonreinforced in the presence of these cues. 

Another surprising finding, though a tenta- 
live one, is the contrast between the HRR and 
the CDR groups. The CDR group actually 
learned eight black-white reversals and eight 
hurdle reversals in somewhat fewer trials than 
it took the HRR group to learn just eight 
hurdle reversals. This superiority of the CDR 
group becomes difficult to explain when it is 
realized that for these Ss the positive and 
negative cues of the previous hurdle discrimi- 
nation were each receiving partial reinforce- 
ment during the interpolated black-white 
discrimination. Consequently, it would be 
expected that these interpolated trials would 
have less influence in erasing the hurdle dis- 
crimination than would the same number of 
trials for the HRR group, where the pre- 
viously positive cue is being consistently non- 
rewarded and the previously negative cue i$ 
being consistently rewarded 
the correction method used. 

One possible basis for the 
suggested by Tables 1 and 3. There it is shown 
that the CDR group not only 
absolute number of system 
tion than does the CD g 
type of response 
larger percentage 


as the result of 
above finding is 


Shows a greater 
atic runs to posi- 
Toup, but that this 
forms a disproportionately 


l of all Systematic behaviors 
in the CDR than in the CD group. The 


gestion is that the reversal of 
in contrast to a nonreversal, 
showing more frequent sequ 
irrelevant aspects of the st 
If it is assumed that during 
learns relatively little about t 
in the discrimination, ever though S is being 
consistently rewarded ang nonrewarded on 
them, this would account in Part for the 


greater difficulty of the CDR f 
the CD problems, DNE 


Such a tendency, 


sug- 
à discrimination, 
results in the S's 
ences of runs to 
imulus situation. 
these runs the S 
he relevant cues 


ea 
+ do ‘displace’ or 
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respond to new aspects of the stimulus situa- 
tion when a familiar reinforcement schedule is 
suddenly interrupted as in a reversal, also 
would suggest one reason for the fact that the 
CDR group reversed seven hurdle discrimina- 
tions and seven black-white discriminations in 
somewhat fewer total trials than required by 
the HRR group to reverse just seven hurdle 
discriminations. If upon the reversal of a 
discrimination Ss tend to begin responding 
systematically to other aspects of the stimulus 
situation, this would be a pure loss to the 
HRR group, where hurdles are always the 
relevant cue. It, however, would facilitate the 
learning of the CDR group on occasion. When 
the correlation between the reward on a given 
cue, e.g., hurdles, is changed for this group, 
the experimental procedure requires that 
these animals begin responding to a different 
aspect of the stimulus situation, e.g., bright- 
ness. Thus a tendency to "displace" might 
speed up the learning of the new problem. 

This possibility also offers a tentative 
explanation of why the introduction of addi- 
tional irrelevant dimensions into a discrimina- 
tion reversal situation results in a dispropor- 
tionate increase in the systematic runs to 
position. The greater the number of irrelevant 
stimulus aspects in the situation, the greater 
the likelihood that systematic runs will de- 
velop and persist on aspects that contribute 
little to the learning of the reversal. 

There remains the possibility that a part of 
the progressive improvement shown during 
successive discrimination reversals can be ac- 
counted for in terms of a decrease in the tend- 
ency to respond systematically to irrelevant 
aspects of the situation. While the evidence 
from the present experiment is only suggestive 
in this respect, the data in Table 4 would 
seem to indicate that the reduction in posi- 
tion responses accounts for a considerable 
part of the improvement shown in three of 
the reversal groups. 


SUMMARY 


Six groups of animals were trained on a 
simultaneous discrimination apparatus. Four 
of the groups had three stimulus dimensions 
randomly combined on successive trials; these 
were brightness differences, hurdle differences, 
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and spatial differences. In this situation one 
group, HRR, learned 8 brightness reversals, 
and a second group, BWRR, learned 8 hurdle 
reversals. The third group, CD, had 16 dis- 
criminations involving a "change in dimen- 
sions," e.g., the first discrimination had black 
positive, the second high hurdles positive, the 
third black positive, the fourth high hurdles 
positive, and so on. The fourth group, CDR, 
had 16 discriminations involving both change 
of dimensions and reversal, e.g., the first had 
black positive, the second high hurdles posi- 
tive, the third white positive, the fourth low 
hurdles positive, and so on. The fifth group, 
BWC, had a discrimination situation involving 
only two stimulus dimensions, brightness 
differences and spatial differences, and learncd 
8 brightness reversals. The sixth group, HRC, 
also had two stimulus dimensions, hurdle 
differences and spatial differences, and learned 
8 hurdle reversals. 

1. It was shown that the CD group learned 
significantly more rapidly than did the CDR 
group. This was interpreted as possible sup- 
port for the view that when two stimulus 
dimensions are present in a given situation, 
one may remain essentially nonfunctional 
while the animal is responding systematically 
to the other. 

2. The rate of reversal was significantly 
faster in the groups having only two stimulus 
dimensions than in the groups having three. 

3. The CDR group completed 16 discrimi- 
nations, including 8 hurdle reversals, more 
rapidly than the HRR group completed 8 
hurdle reversals alone. 

4. The slower learning of the reversal groups 
with three dimensions was shown to be ac- 
companied by a disproportionate increase in 
systematic behavior on the position dimension. 
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Studies in which a conditioned response has 
been repeatedly conditioned and extinguished 
have uniformly shown marked, progressive 
increases in rate of both conditioning and 
extinction (1, 2, 8, 9); these studies have, 
however, been conducted with massed trials, 
and, as pointed out by previous writers (2, 9), 
it is likely that the changes in rate simply 
reflect formation of a discrimination with 
the stimulating aftereffects of reinforced and 
ronreinforced trials serving as positive and 
negative cues, respectively, for responding on 
subsequent trials. It is our purpose in this ex- 
periment to determine what characteristics, 
if any, of simple instrumental learning exhibit 
progressive changes over repeated condition- 
ing and extinction series when controls have 
been instituted for a discrimination based on 
reinforcement and nonreinforcement. 

The most obvious control procedure is to 
space the trials and remove the animal from 
the apparatus between trials so that stimulus 
aftereffects of one trial cannot serve 
criminative cues for the next. 
sibility is to utilize 
during the conditionin 
attenuating the over- 
stimulus aftereffects o 
of reinforcement on th 
both measures in the 
at the design summa 


as dis- 
A second pos- 
random reinforcement 
g series, thus markedly 
all correlation between 
f one trial and condition 
€ next. We have adopted 
present study, arriving 
rized in Table 1. Two 
groups of rats were subjected to repeated 
conditioning and extinction of a jumping habit 
with relatively spaced trials; alternate acquisi- 
tion series were carried out under continuous 
reinforcement and random reinforcement. The 
principal observations that will interest us 
are (a) changes in rate of conditioning from 
earlier to later acquisition series under the 
same condition of reinforcement; (b) changes 
in rate of extinction from earlier to later ex- 
tinction series following the sam 


e condition 
of reinforcement; and (c) differential effects of 
continuous 


as compared with random rein- 
forcement, 


econd author was facilitated 
by his tenure as S. S. R. C. faculty research fellow. 


Since the procedure of partial reinforcement 
differs from that of repeated conditioning and 
extinction only in the particular manner ol 
grouping reinforced and nonreinforced trials, 
it seems reasonable to expect that once the 
complicating factors associated with massed 
trials have been eliminated, the two cases 
should be subject to a common theoretical 
interpretation. Consequently, it will be. of 
interest to see whether or not a contiguity- 
interference theory which has been worked out 
in connection with recent studies of partial 
reinforcement (10) will handle the data of 
this experiment. It will also be possible t0 
obtain evidence relative to a number of pre- 
dictions from statistical learning theory [2 
having to do with day-to-day regression during 
conditioning and recovery during extinction. 


METHOD 
Subjects and Apparatus 


The Ss were 15 male hooded rats from the colony 
maintained by the Indiana University department o! 
psychology; they were approximately 275 days old al 
the beginning of the main experiment. 

A Lashley-type jumping stand was modified to meet 
the requirements of the experiment. The jumping plat- 
form was constructed of *4-in. plywood, 7!5 in. wide 
by 10 in. deep, and was located 834 in, from the win- 
dows; the edge of the platform was 2 in. higher than 
the bottom of the windows. The windows were 6 in 
high, 554 in. wide, and 15 in. apart. The feeding plat- 
form was divided, by means of a sheet metal partition 
10 in. high, into two 12-in. by 1915.in. compartments; 
one accessible from each window, The jumping platform 
and the panel facing it were painted flat black and en- 
closed with black cloth Screening. Two 6-w, bulbs 
mounted under the platform provided continuous il- 
lumination. The feeding Platform was painted white 
and illuminated by a 25-w. bulb centered overhead. 
The doors used during pretraining were made of manila 
cardboard, hinged at the top. The doors used during 
agin hinge at eta GË OAN ata na 
the bottom half white, and the othe 0P Ball black anc 

A 7a other h 
white and the bottom 


half black, The 
doors were never exchanged, 


ad the top half 
Positions of the 


Procedure 


, Throughout the experiment the rats 
tained on a 23-hr, feeding Schedule. Durin 
training the entire d 


aily ration Was giy 


Were main- 
ng preliminary 
en on the feeding 
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platform of the jumping stand. During the main ex- 
periment the rats were fed the balance of their daily 
ration in their home cages 5 to 10 min. after the ex- 
perimental period. The food used throughout was a 
mash made from ground Purina Laboratory Chow, 
with quantity adjusted to maintain approximately con- 
stant weight. Water was available in the home cages. 

Preliminary training. Throughout preliminary train- 
ing both doors were unlocked and jumps to either side 
were reinforced with food. At first the jumping plat- 
form was moved up so the rats could walk through the 
windows; next, the rats jumped through the open win- 
dows and, finally, through the cardboard doors. This 
training was carefully graduated so that the rats were 
never punished by a fall into the net. After the rats 
had learned to jump, they were given 62 days of train- 
ing designed to eliminate position preferences. h 
day each rat was given two free trials and then a series 
of hand-guided trials interspersed with free trials until 
it had jumped at least twice through each window on 
free trials, 

It should be noted in passing that one purpose of 
this extensive pretraining was to determine whether or 
not the results of Zeaman and House (11) concerning 
alternation following forced trials in the T maze could 
be reproduced in the jumping situation. The answer is 
that they could not. The rats never manifested any 
significant tendency to alternate sides following guided 
trials. Furthermore, during the main experiment which 
followed, both doors were unlatched on all trials, and 
14 of the 15 rats went through the entire experiment, 
approximately 300 free-choice trials, without ever de- 
viating from their initial position preferences; the re- 
maining rat made 59 consecutive responses to the 
right and then shifted “spontaneously” to the lefi side 
for all the remaining trials. 

Main experiment. Except for the operations of rein- 
forcement and nonreinforcement, all trials of the main 
experiment were run under the same conditions. Both 
doors were always unlocked, and dishes of mash were 
always in place at the rear end of the feeding compart- 
ments; on nonreinforced trials sheet metal barriers were 
inserted in front of the food dishes. At the beginning of 
à trial, one of the £s placed the rat on the jumping 
platform facing away from the windows. The second 
E timed with a stop watch the interval from the re- 
lease of the rat until the opening of one of the doors; 
times were recorded to the nearest half second. Follow- 
ing a jump the rat remained on the feeding platform 
for 10 sec., then was put back in its home cage. Each 
rat was run four trials each day during both condition- 
ing and extinction series. The three rats in a cage were 
run in rotation so that the intertrial interval within 
daily blocks varied from 2 to 4 min. throughout the 
experiment except for occasional extinction trials when 
jumping times as long as 10 min. occurred. 

The number of days of training per series indicated 
in Table 1 applies strictly to ten rats, six in group I and 
four in group II, that started the main experiment 
first and ran contemporancously throughout. Five addi- 
tional rats, two in group I and three in group IL, were 
first given seven days of extinction, for reasons that are 
not germane to the present report, and then started on 
the first conditioning series. Owing to scheduling diffi 
culties the latter five rats received 12, 12, and 13 days 


TABLE. 1 
Experimental Design: Number of Days Under 
Each Procedure 


Series 1 Series 3 Series 4 
y m 
33 Acq. | Ext.) Acq. Ext. | Acq Acq. 
I| $] 14 $8. 14 8 H 8 7 
100€ 50% 100° ¢ 50% 


II 7| 0M 8 H 8 H 8 n 


506% 


of training in the three conditioning series. In the pres- 
entation of results the data from the two batches of 
animals have been combined since each animal serves 
as its own control in all the main comparisons and 
since all the trends reported hold for all subgroaps. 


RESULTS 


For purposes of later discussion, it will be 
helpful to consider the results in two categor- 
ies: (a) those related to successive series, and 
(b) those attributable to the schedule of rein- 
forcement. 

All results will be reported in terms of 
reciprocal latency, generally referred to for 
brevity as response speed. Statistical tests are 
based upon two-way analyses of variance 
modified in accordance with Kogan’s sugges- 
tion (7) to allow for correlation among re- 
peated measures. In each case, group differ- 
ences are tested against the variance estimate 
from rats-within-groups while differences 
among series means and groups by series 
interaction are tested against the variance 
estimate from rats-within-groups by series 
interaction. It will be clear from Table 1 
that differential effects of 100 per cent and 50 
per cent reinforcement will show up as sig- 
nificant groups by series interactions. 


Series Effects 


In general, both learning rates and terminal 
levels increased from series to series. Within 
the various series, curves of mean response 
speed vs. days were negatively accelerated and 
appeared to have reached asymptotes in each 
of the first three series. Differences between 
the last two daily means were small and 
insignificant for both groups in the first 
three acquisitions; considering the individual 
changes, there were 22 increases, 22 decreases, 
and 1 case of no difference. Mean response 
speed over the last two days has been taken 
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TABLE 2 


Mean Reciprocal Latencies over Last Two Days 
of Acquisition 


Means 
Group oa - 
1 2 3 
| = = 
I i | 294 486 
II | 104 | -286 .242 
Analysis 
Source of Variance F p 
Groups 4.49 <.05 
Series 7.94 <.01 
Groups X Series 6.72 <.01 


TABLE 3 


Increase in Mean Reciprocal Latency from Last Day of 
Extinction to First Day of Reacquisi 


Means 
Series 
Group - 
2 3 4 
I .058 .210 -202 
I 068 | 19 | 161 
Analysis 
Source of Variance — | F : 
Groups <1.0 | 
Series 9-79. | «.01 
Groups X Series «1.0 


TABLE 4 


Decrement in Response Speed from Last Trial of 
One Acquisition Day to First Trial of the Next 


Means 
Group idi 
1 2 3 | 
I .012 .030 .085 
H | .045 .124 | .069 
Analysis 
Source of Variance F b 
Series 4.31 «.05 
Groups 1.36 2.05 
Groups X Series 1.19 < “05 
Grand mean 49.56 «c “001 


as an estimate of asymptotic level for each 
group in each of the first three acquisitions, 
and these values are included in Table 2. The 
over-all increase in mean terminal response 
speed from series to series is significant at the 
01 level. The pattern of differences is un- 
changed if only the first trials of daily blocks 
are considered. 

As one measure of learning rate, we have 
taken the increment in mean response speed 
from the last day of each extinction to the 
first day of reacquisition; these values are 
given in Table 3. It will be seen that these 
increments increased from series to series for 
both 100 per cent and 50 per cent conditions. 
This effect is significant at the .01 level. 

As a second measure of learning rate, we 
have computed for each reacquisition the 
increment in mean response speed from the 
first trial of the first day to the first trial of 
the second day. An analysis of variance for 
series 2, 3, and 4 indicated no significant dif- 
ferences. Since, however, the / for series 
barely failed to reach the .05 level, / tests were 
computed for series 2 vs. series 4, a comparison 
in which the same rats appeared under the 
same conditions of reinforcement. For the 100 
per cent groups the / value was 6.24 with 6 
df, indicating an increase in learning rate sig- 
nificant at the .001 level. The corresponding 
increase for the 50 per cent group was nol 
significant. 


Throughout all acquisition series there was 
a tendency for some regression in response 
speed from the last trial of one day to the first 
trial of the next. This effect is significant at the 
-001 level as shown in Table 4. 

Extinction 


Curves were negatively ac- 
celerated and appeared to reach asymptotes 
in each series. Differences in mean response 
speed between the last two days of each ex- 
tinction series were small and insignificant; 
of the 45 individual changes, 20 were in- 
creases, 22 decreases, and 3 were constant, Mean 
response speeds over the last two days have 
been taken as estimates of ( 
for each series, and these values are included 
in Table 5. Mean terminal response speed in- 
creased significantly (.02 level) from series 
to series regardless of the preceding reinforce- 
ment schedule. Initial decrement during ex- 
unction, as measured by differences in mean 
response speed between the last day of each 


asymptotic level 
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acquisition series and the first day of the 
lollowing extinction series, did not change 
significantly from series to series. Extinction 
curves plotted in terms of first trials of daily 
blocks exhibit progressive reductions in slope 
Írom series to series. Considering the differ- 
ences in mean response speed between the 
initial trials of the first and second days of 
extinctions 1 and 3, both the 100 per cent and 
50 per cent groups show decreases, the former 
Just failing to reach significance at the .05 
level (/ of 2.08 with 7 df) and the latter being 
insignificant, In relative terms, the changes 
are more striking in both cases. Expressing 
response speed on the first trial of day 2 as a 
Proportion of response speed on the first trial 
of day 1, we obtain mean values of .420 and 
-610 for the 100 per cent and 50 per cent 
groups, respectively, on extinction 1, which 
rise to .746 and .768, respectively, on extinc- 
tion 3; the increase is significant at the .05 
level by a sign test for the combined groups 
(p = .035 for a two-tailed test), and for the 
100 per cent group alone (p = .04 for a two- 
tailed test), but not for the 50 per cent group 
alone. 


Boss ds ha 
Partial vs. Continuous Reinforcement 


In the acquisition series, asymptotic levels 
under 100 per cent reinforcement were sig- 
nificantly higher than those under 50 per cent 
reinforcement (.01 level). In the extinction 
Series, however, the terminal level exhibited no 
Significant effect of preceding reinforcement 
Schedule. The analyses are summarized in 
Tables 2 and 5, respectively. 

The 50 per cent and 100 per cent groups 
did not differ significantly with respect to 
Cither of the measures of learning rate de- 
Scribed above, In extinction, however, initial 
decrements were significantly greater (.01 
level) following the 100 per cent series than 
ce the 50 per cent series, as indicated in 

The detailed course of extinction was quite 
different following 100 per cent as compared 
With 50 per cent reinforcement. In Figure 1 
re have plotted pooled mean curves for ex- 

CUon following the two conditions. It may 
?€ seen that following 100 per cent reinforce- 
bork response speed declined within daily 

S and recovered between blocks, while 


TABLE 5 


Mean Reciprocal Latencies over Last Two Days 
of Extinction 


Means 
Group » = = 
1 2 
T .062 .092 121 
Il 0H 052 .079 
Source of Variance F b 
Groups 1.52 2.05 
Series 5.47 <.02 
C 1.0 


»roups X Series < 


TABLE 6 


Decrease in Mean Reciprocal Latency from Last Day 


of Acquisition to First Day of Extinction 
Means 
Series 
Group 
1 2 3 
I I .089 .262 
I .042 | ETE 018 
Analysis 
Source of Variance F p 
Groups 10.41 «.01 
Series «1.0 | 
Groups X Series 8.17 | <.01 


following 50 per cent reinforcement, response 
speed declined between daily blocks and re- 
covered within blocks. In the former case 
there was a large mean decrease in response 
speed from the first to the second trial of a 
daily block, while in the latter case there was 
an increase, the difference being significant at 
the .001 level. In the 100 per cent case the 
spontaneous recovery, measured in terms of 
the increase in mean response speed from the 
last trial of one block to the first trial of the 
next, was large and significant (.001 level) 
following the first day, but decreased rapidly 
on successive days and was insignificant after 
the second; in the 50 per cent case the cor- 
responding difference was uniformly in the 
opposite direction, but the over-all mean 
decrease was small and did not vield a sig- 
nificant / value. 
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pared with 50 per cent reinforcement. The curves repre- 
sent means over Ss and series. 


DISCUSSION 


It appears that when artifacts associated 
with massed trials have been eliminated from a 
simple instrumental learning situation, the 
result of repeated conditioning and extinction 
is a progressive increase in the effectiveness of 
reinforcement and a progressive decrease in 
the effectiveness of nonreinforcement. This 
finding lends support to the view that repeated 
conditioning and extinction is simply a special 


case of partial reinforcement and should be 
handled by the same theory. 
In an extensive investigation of runway 


behavior under partial 
Stock (10) found an in 
tween resistance to exti 
of reinforcement even under conditions of 
24-hr. trial spacing. He pointed out that this 
result might be accounted for if t 
specific assumptions were added 
contiguity-interference theory (3, 6): (a) 
After continuous reinforcement, the occurrence 
of nonreinforcement evokes v. 
behavior which beco 
that formerly evoked 
in turn leads to incr 
on nonreinforced tria 
to nonreinforcement 


(“habituate”) so that 
series, 


reinforcement, Wein- 
verse relationship be- 
nction and percentage 


he following 
to standard 


aried locomotor 
mes conditioned to cues 
the running response and 
eased running time; (5) 
ls, these varied reactions 
tend to extinguish 
after a lengthy partial 
a nonreinforced iria] evokes few re. 


sponses that actively compete with the running 
response, 


In the present study, similar considerations 


would apparently account rather —— ur 
the greater initial extinction decrement fo | 
ing continuous as compared with partia 
reinforcement, for the progressive slowing 
down of extinction from series to series, and 
for the large increases in rate of acquisition 
under partial reinforcement. Formal evaluation 
of this interpretation must awail a more itt 
tailed explication of the contiguity model as 
applied to this type of learning situation. ae 

The progressive increase in slopes and T 
parent asymptotes of acquisition curves unc P 
continuous reinforcement was not predicted a 
priori. On the basis of observations made pri 
ing the experiment, it seems likely that > 
effect may be attributable, at least in part, 
to the gradual dropping out of regen. 
components of the jumping response. On i 
acquisition trials some of the responses = 
occur on the starting platform prior to jumping 
become strongly conditioned, so that the 
animal persists in going through what looks 
like a routine or "ritual" on each trial, These 
extra responses will not extinguish, according 
to a contiguity interpretation, unless they 
happen to fail on some trial; and this failure 


$ 2 prec 
may not take place until during extinctior 


the varied responses evoked by — 
ment displace some of the strongly estab 


lished "unnecessary" responses, — 

In statistical learning theory (3, 4, 5) it i$ 
assumed that a repetitive experimental situa- 
tion determines a population of stimulus ele- 
ments from which 


ie available 
à random sample is availab! 
during any 


one experimental period. Even 
though the reinforced response becomes condi- 
tioned to all the available elements during an 
acquisition period, only a portion of these 
elements will appear in the sample that 15 
available during the next period, together with 
other stimulus elements, some of which may 
not have been previously conditioned to the 


response. Consequently it is predicted (+) 
that during acquisition there will be a regres 
sion 


in response probability, and therefore 
response speed (3), from the last trial of Bn 
period to the first trial of the next, with the 
magnitude of this regressive effect decreasing 
exponentially during the series. These effect? 
are expected under both 
per cent reinforcement 
smaller extent in the | 


50 
100 per cent and 30. , 

a 
schedules, but to 


r rowel 
atter case since fewe 


of the elements present during a period would 
become conditioned. The acquisition data 
exhibit the predicted regressive effect under 
both conditions; the magnitude of the effect 
decreases, although not significantly, over the 
Series, and is somewhat smaller, although not 
significantly so, for the 50 per cent condition. 
Similar period-to-period fluctuations in the 
stimulus sample should occur during extinc- 
"on, resulting in spontaneous recovery of 
response speed from one period to the next. 
The amount of recovery should be initially 
large, at least for the 100 per cent group, and 
Should decrease exponentially as the series 
Progresses. It can be seen in Figure 1 that the 
Predictions are nicely borne out for the 100 
Der cent group; the recovery effect is signifi- 
cant at the .01 level following the first extinc- 
on period, then drops to insignificance for the 
remainder of the series. Following 50 per 
Cent reinforcement there is no response decre- 
ment within periods and consequently no 
possibility of spontaneous recovery. 


SUMMARY 


, Rates of learning were studied during succes- 

Stive acquisitions and extinctions of a jumping 
habit, Two groups of rats were given four 
acquisition series, alternately under con- 
Unuous and partial reinforcement, interspersed 
With three extinction series. Each series 
Comprised a sequence of daily trial blocks with 
relatively spaced trials within blocks. It was 
Considered that the procedure effectively pre- 
cluded the type of discrimination based on 
Simulating aftereffects of reinforcement and 
Nonreinforcement which may have been 
responsible for the progressive changes in 
learning rate found in previous studies under 
Massed trials. Results were that: 

Learning rates and asymptotes increased 
Progressively with successive acquisitions 
Under both conditions of reinforcement. 

_2. Successive extinctions yielded progres- 
Sively shallower curves and higher terminal 
*vels of response speed. 

3. Mean terminal response speeds were 
higher under continuous than under partial 
reinforcement, 

+. Extinction rates were similar following 
Continuous and partial reinforcement. except 
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for a greater decrement on the first extinction 
day following continuous reinforcement. 

5. In all acquisition series there was a 
tendency for some regression in response speed 
from the last trial of one block to the first 
trial of the next. 

6. Following continuous reinforcement, 
extinction occurred within daily blocks with 
recovery between blocks; following partial 
reinforcement, recovery occurred within daily 
blocks and decrement between blocks. ! 

The findings concerning day-to-day regres- 
sion and recovery during acquisition and 
extinction, respectively, are in accordance with 
predictions from statistical learning theory. 
The other findings suggest the nature of, modi- 
fications in standard contiguit y-interfereace 
theory which may permit a unified interpreta- 
tion of both the partial reinforcement and the 
repeated conditioning-extinction procedures. 

A subsidiary result, obtained during prelim- 
inary training on the jumping stand, was that 
in this situation blocks of massed, forced trials 
do not lead to alternation on test trials. 
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THE FACILITATION OF EXPERIMENTAL EXTINCTION BY RESPONSE 
PREVENTION AS A FUNCTION OF THE ACQUISITION OF A NEW 
RESPONSE 


HORACE A. PAGE 


Uniersity of Wisconsin 


In a previous experiment which verified and 
extended Hull's frustration hypothesis (1), 
Page and Hall (3) demonstrated that the block- 
ing of avoidance responses led to a more rapid 
cessation of the response than would be 
achieved through traditional extinction pro- 
cedures. In an attempt to extend and further 
verify Hull’s frustration hypothesis, two groups 
of. albino rats were trained to escape from an 
electrically charged grid. In the first five extinc- 
tion trials of the experimental animals, a door 
leading from the avoidance chamber remained 
closed, making escape impossible, A comparison 
of the total number of trials to extinction re- 
vealed that the blocked animals extinguished 
at a significantly more rapid rate than those 
animals that were permitted access to the 
escape chamber throughout the extinction pro- 
cedure. 

In discussing these results two somewhat 
different explanations were offered to 
for the “advantage” 
"blocked" group. It w 
response which was as 


account 
demonstrated by the 
as suggested that any 
sociated, in an appro- 
priate temporal Sense, with the absence of 
Shock, would be reinforced by virtue of the 
earlier shock training. Animals that were pre- 
vented from leaving the avoidance chamber 
would be “rewarded” for remaining on the grid 
in that no shock was forthcoming during ex- 
tinction, An alternative explanation dealt with 
the possibility that through a learning process 
neutral stimuli which had originally been as. 
sociated with the painful electric stimulus were 
subsequently paired with its absence. The 
major differences in these explanations are that 
in the first it is Posited that the avoidance 
chamber remains capable of eliciting fear but 
the organism has learned a response appropri- 
ate to its reduction, In the second explanation 
1l 1S suggested that neutral stimuli have lost 
their capacity to arouse the drive, 

The present study was conducted in 
interest. of determining which of 
explanations appears most feasible. 


the 
these two 


METHOD 
Subjects and Apparatus 


The Ss were three groups of experimentally naive 
albino rats of the Sprague-Dawley strain. In each group 
there were ten male Ss approximately 130 days old. 

The apparatus consisted of two wooden boxes 
identical dimensions ch box measured 15 in. by 9 
in. by 12 in. Three walls and the c ng of the first 
box were solid and nted white while the remaining 
side was of plate g to permit observation of S. 
The second chamber was similar to the first with the 
exception that black rather than white paint was used. 
The floor of the first chamber, the shock box, was a 
grid made of ! j-in. bra welding rods placed at !y-in. 
intervals. The floor of the second box, the neutral 
chamber, was of a solid material painted black. The two 
boxes were placed end to end 
cally sliding door which was operated by Hinged 
covers on both boxes permitted placement of Ss in the 
apparatus and their removal at the end of a trial 

The grid was connected to à "grid confusing" c 
which provided for a shock of approximately .3 ma. 
at 60 cycles, in a cons tently changing pattern. When 
the current was turned on, S was shocked several times 
a second, as long as it remained on the grid and in con- 
tact with any two or more bars. Further details of this 
apparatus are presented elsewhere (6). The switching 
device which made a clearly audible clicking sound was 
turned on before the shock was delivered, as indicated 
in the procedure below. 


and connected by a verti- 


Procedure 
Learning Series 


Experimental group I (not blocked). Each animal was 
permitted 1 min. in the apparatus with the door be- 
tween the. chambers remaining open and was then 
placed in a retaining cage. The first trial began 20 sec. 
later when S was placed in the shock box. The door 
between the chambers remained closed for 5 sec. and 
was then raised, Simultaneously, the shock box was 
provided with additional illumination and the switch- 
ing device was set in operation. The light source con- 
sisted of a 13-w, lamp fixed in a box with a l-in. square 
aperture which was placed against the viewing window 
of the chamber, Two seconds later, a total of 7 sec. after 
the animal had been placed in the box, the current was 
turned on, and the grid remained charged until the 
animal had moved through the door into the neutral 
chamber. The door was lowered and 10 sec, later the 
animal was removed and pl 
The second trial commenc 
cedure w 


three suc 
the openi 


aced in the retaining cage. 
ed 20 sec. later. This pro- 
as followed until § reached the criterion of 
Cessive escapes in the 2-sec. interval between 
ng of the door and the onset of the shock. 


EXTINCTION AND NEW RESPONSE ACQUISITION 1 


Experimental group II (blocked). The learning pro- 
cedure for Ss in this group was identical in every re- 
Spect with that of animals in experimental group I. 

Control group. These animals received no avoidance 
training. 


Extinction Series 

Experimental group I (not blocked). The extinction 
Series was started 20 sec. after the last learning trial. 
Phe procedure was identical to that of the learning 
Series with the exception of the absence of current in 
the grid. Trials were continued until the animal failed 
on three successive occasions to leave the shock box 
Within 10 sec, after the door had heen opened. 
Xperimental group 11 (blocked). For the first five 
ction trials of the second experimental group, the 
door between the two chambers remained closed. The 
animal was retained in the shock box for 15 sec. and 
Was then removed to the retaining cage. Visual cues 
Provided by the light source and auditory stimuli 
attendant upon the operation of the switching device 
Were dealt with in exactly the same manner as in the 
carning series. Beginning with the sixth trial, the door 
Was raised, and the remaining trials were identical in 
all respects to those of animals in experimental group I. 


Operant Learning Series 

Experimental groups 1, LI, and controls. Approxi- 
mately 24 hr, after the avoidance learning and extinc- 
tion series (for animals in the experimental groups) 
perant trials were begun. Control Ss had no avoidance 
training at the beginning of the operant procedure. The 
Ss in all three groups were without food 24 hr. before 
this series commenced. Trials were conducted in blocks 
of five. The animals were placed in the second box, the 
Neutral chamber for the avoidance training, and 5 sec. 
ater the door between the boxes was raised, the shock 
POX was illuminated, and the switching device was set 
iN operation, A small pan, containing a fresh, moist 
mash of Purina Dog Chow had been placed in the 
Middle of the grid floor of the shock chamber. After 5 
min., if the animal had not moved into the shock box, 
the door was closed and § was removed from the ap- 
Paratus and placed in the retaining cage to await the 
Next trial 20 sec. later. If the animal moved into the 
eu i Chamber, it was allowed to remain there for 30 
Sec. (in which to eat) before being removed and placed 
In the retaining cage. After five trials, the animal was 
placed in its home cage where it remained for from 60 
to 90 min. while three other Ss were run through five 
eimilar trials each, At the end of this delay, each S 
“Xperienced five more similar trials. 


RESULTS 
p demonstrated earlier, the blocking oa re- 
ER early in the extinction trials resu ts m 
«€ rapid extinction. Although experimental 
fat I and II did not differ significantly with 
fa to the number of trials pes en 
anim, ue learning criterion, group II on e 
tanh, s) required significantly fewer - s 4 
is sig the extinction criterion. The di "d 
Significant at the .02 level of confidence. 


n 


TABLE 1 
Number of Trials to Reach Learning and Extinction 
Criteria for Experimental Groups 


1 
Learning 
Group Sg eee 


Extinction 
= t 


|Mean| e Mean | e | 
| 
| 


I (normal) — (10 [7.404.91/30.00 21.65 
| 13.13, .02 
10 [8.50)7.39) 7 60 | 6.36 
* The difference between the extinction variances is signifi- 
cant (f= 3.02). In line with the recommendations of Snedecor 
(4) the degrees of freedom were halved before they were entered 
in the ¢ table. 


II (blocked) 


Response latencies in the operant condition 
were treated as the dependent variable. In- 
creased latencies were judged to indicate ibat 
stimuli associated with the shock chamber con- 
tinued to elicit avoidance behavior. 

All latencies, measured in seconds, were con- 
verted into logis units. On operant trials on 
which S did not move into the shock box, la- 
tencies were scored as 300 sec. A mean was 
obtained for each S's ten operant trials. A 
mean of the mean latencies for Ssineach of the 
three groups was calculated and served as a 
basis for comparison. The results of this com- 
parisor appear in Table 2. 

The results presented in Table 2 are rather 
clear-cut in indicating that all groups differed 
significantly from one another in the mean 
latencies observed. The control group showed 
the lowest latencies. Experimental group I (not 
blocked) was next, while experimental group 
II (blocked) showed the highest latencies with 
respect to returning to the shock chamber. All 
mean differences are significant beyond the .01 
level of confidence. In all cases, differences be- 
tween variances fall well short of significance. 

When the first block of five trials is con- 
sidered, Figure 1 reveals clear graphic differ- 
ences between the three groups. In the second 
block of trials the disposition of the experi- 
mental groups remains constant while the 
latencies of control animals rise appreciably. 


TABLE 2 
Comparison of Experimental Group I and II and 
Control Group Latencies for the Operant Trials 


Group dj Aisin «Mean $ 

p. 1 & Il 19 3.90 .200 .01 
exp. I & controls 19 3.20.2346 0l 
Exp. Il & controls 19 6.10 .217 M 
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Fic. 1. Mean logy. latencies by trials for Ss in 
experimental and control groups 


i DISCUSSION 

The evidence provided by this experiment 
lends continued Support to the notion that the 
interruption of avoidance responses facilitates 
the extinction of such behavior. These results 
confirm the earlier findings of Page and Hall 
(3) as well as the earlier experimentation of 
Williams and Williams (5) with an operant re- 
sponse. Both these earlier studie 
attempts to assess Hull’ 
“frustration” 
a condition ak 


5 represented 
s hypothesis that the 
of goal-oriented responses led to 
in to experimental extinction (1). 
In addition, the present investig: 
to clarify the process by 
extinction occurs, 
had involved, on 
drive Strength, whil 
gested that a new rı 


ation tends 
which more rapid 
Explanations of this finding 
the one hand, diminished 
€, on the other, it was sug- 
€sponse was acquired which 
competed with the running and escape. Tt 
would follow that if the first explan, 
to hold, animals that h 
not differ from those e 
tional fashion in their 
ance chamber when it 


(the operant condition). If stimuli that had 
acquired drive-producing properties were again 
rendered neutral, they would not be effective 
in eliciting avoidance reactions When S returns 


Shock chamber for food. How- 
ever, if the more rapid extinction rate results 
from the effects of response competition, these 
stimuli would be Considered to retain their 
drive characteristics which would be manifested 
in a situation where S returns to the avoidance 
chamber. The results of this study tend to sup- 
port this second explanation in that those 
animals whose extinction followed the blocking 


of avoidance responses demonstrated à greater 


ation were 
ad been blocked should 
xtinguished in a tradi- 
approach to the avoid- 
served as a goal box 


“reluctance,” as measured by response laten- 
cies, to return to the avoidance chamber. . 

Finally, it should be noted that both experi- 
mental groups showed significantly longer la- 
tencies than control Ss that had not had prior 
experience with the avoidance chamber: H 
appears that even when animals are extin- 
guished ina traditional fashion, they still retain 
some aversion for the shock chamber when 
tested in this fashion. It should be pointed out 
that Ss in experimental group I were placed H 
the operant condition one day after their 
avoidance training and extinction. Spontaneous 
recovery of the avoidance response may have 
been sufficient to account for latencies which 
exceeded those of the control group. 


SUMMARY 


This study was done in the interest of clari- 
fying the process by which albino rats, pre- 
vented from making an avoidance response 
early in extinction trials, extinguish more 
rapidly than those treated in a traditional 
manner. It was demonstrated that when the 
avoidance chamber was treated 


as a goal box, 
latencies were significantly 


greater for anl- 
mals whose avoidance responses had been in- 
terrupted early in the extinction of previous 
avoidance training than for a group that had 
been extinguished in a normal fashion and a 
control group of naive Ss. These findings were 
interpreted to suggest that more rapid extinc- 
tion following response interruption results from 
the acquisition of à new response which com- 
petes with running avoidance. 
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PLACE AND RESPONSE LEARNING: LEARNING TO ALTERNATE 


EUGENE H. GALANTER 


University of Penn. 


In isolating "what is learned" one recent 
approach has been the study of differences in 
acquisition rates of particular perceptual- 
motor habits by the rat under conditions 
which make for "place" learning, and under 
"response" learning conditions (2, 5). It has 
been presumed that evidence exists for the 
"primacy" of spatial learning when an animal 
has demonstrated that a habit is acquired 
under spatial learning procedures (i.e., rich 
€xtramaze visual environment) more rapidly 
than when a similar habit is acquired under 
response learning procedures. A crucial test of 
exactly what is learned has not been forth- 
Coming in any of these studies, since the ex- 
Perimental manipulations involve either a 
change in the environment, or else response 
tendencies are pitted against the environ- 
Mental support. 

As Blodgett and McCutchan (1) have sug- 
Sested, the ideal case would be one in which it 
'S possible for a spatial habit and/or a response 
habit to be acquired simultaneously, followed 
Y à test to determine which has been ac- 
quired, In their experiment, however, the 
Visual environment, which has been demon- 
Strated as crucial to the development of a 
Place habit (2), was highly restricted. An 
Experiment to test their suggestion is described 
»elow, 


METHOD 


Fifteen male hooded rats (age 40 days) were placed 
en a 15-hr. food deprivation schedule for a period of 
Ape weeks. During this time they were handled each 
a at feeding time and allowed to roam at will on a 
tg table top in the vivarium. This period of play 
iu feeding lasted 2 hr. daily. On the first day of the 
um Week the rats were placed on a straight alley 
it, Bed in the vivarium and allowed to play oe m 
the s procedure continued Tor arla « cdi 
wre rata prior to their regular feeding, the an n Bs 
eleya t En to the experimental room, w here a sim] 

‘ated T maze (2) was located. 

ie ting on this fifth day after preliminary han e 
EE were run for ten massed mi Mro ar 
found Ure) per day. On the first trial each « m ood har 
"ein ur at the right end of the maze, the as n 
on ih s ocked. On the second trial food was to it e le ; 
otea, ra to the right; etc. Thus, the anima s w es 
ad ie learn a simple alternation problem. The roo 
Xtensive extramaze environment (6). 


dling 


vania 


The criterion for “learning” consisted of ten con- 
secutive errorless trials on one day. On the day after 
reaching this criterion, the Ss were given seven trials. 
If during these seven trials any of the animals had made 
a mistake, it would have been given three more trials 
and continued with ten trials daily until it again reached 
the criterion. No animal in the population made such 
an error. 

This seventh trial was the crucial one. On this trial 
the animal turned right at the choice point. After the 
right turn but before the animal reached the curtain in 
front of the goal box, i.e., before it reached the place 
of the food, it was picked up and returned to the start- 
ing position. Note that the turning response for the 
trial had been completed. The direction in which the 
animal turned at the choice point on the eighth trial 
was recorded for each rat. 


RESULTS 


Twelve of the 15 rats responded on the test 
trial by turning to the right, i.e., in the same 
direction in which they had turned on the 
previous trial. Five animals, including the 
3 which had turned left, exhibited extensive 
VTE behavior at the choice point. The other 
10 animals appeared to run unhesitatingly to 
the right. The median number of trials taken 
to reach the criterion for all animals was 90, 
with a range of from 60 to 140 trials. 

Assuming the null hypothesis to be a proba- 
bility of .5 of returning to the same alley, we 
would expect a value as large as 12 out of 15 
by chance only once in more than fifty experi- 
ments. On the basis of other research, es- 
pecially that dealing with reactive inhibition 
(4) and spontaneous alternation (3), this null 
hypothesis is probably an overly stringent 
test for the experimental data. 


DISCUSSION 


Since the animals were removed from the 
maze and restarted affer having made a turn- 
ing response but before having reached the 
food place, we would expect, if they were 
alternating turning responses, that they would, 
on the next trial, turn to the left. However, 
if the rats were learning to alternate the 
place to which they went to find food, we 
would expect that having been interrupted 
before completing this "response" on the 
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next trial they would turn right, which is 
what they did. 

The experiment strongly suggests that the 
response which was being learned was the 
act involving the reaching of the food place. 
This result is supported by the work of Glan- 
zer (3) in his studies of spontaneous alterna- 
tion, and suggests that the definition of a 
response as a pure motor phenomenon is too 
restrictive. 

The results can best be interpreted by saying 
that 10 of the 15 Ss were learning to alternate 
the food place on each trial. The other 5 
were probably traumatized by the interrup- 
tion, as evidenced by the increased VTE’s, 


and were probably displaying random be- 
havior at the choice point. 
There is one possible control which can 


justifiably be considered in the present re- 
Search. It has been Suggested that perhaps 
the right-turning tendency of the rat was 
stronger than the left-turning tendency, even 
though strict alternation was employed, be- 
cause the first trial for each block of ten trials 
was a right turn. Therefore, if interruption 
occurred following the "stronger" right-turn- 
ing trial, we might expect that any “disrup- 
tion” which ensued would act to make the 
rat revert to the Stronger of the two responses 
on the next trial, i.e., also a right turn. 
There certainly appear to be counterargu- 
ments to this proposal. For example, why 
should not the Zast trial of each block of ten, 
which is a left-turning trial, receive additional 
increments of Strength? However, an empirical 
answer is to be preferred for questions of this 
kind. 


To this end, 15 additional rats of the same 


Strain as those reported in the previous ex- 
periment were given training identical to 
that of the first group. The crucial trial, how- 
ever, for 5 rats was the sixth trial, for another 
5 it was the Seventh trial (i.e., 
the previous gro 
animals it w 


the same as 
up), and for the remaining 5 
as the eighth trial. This meant 
that 10 Ss were interrupted following a left- 
turning trial, while 5 were interrupted follow- 
ing a right-turning trial. Those interrupted on 
the seventh or right-turning trial were in- 
corporated to provide a control over differ- 
ences which might accrue to 
by virtue of increased s 
or their birthdates. 

The median trials required 
criterion for all Ss was 


this new group 
kill on the part of E, 


lo reach the 
90 with a range from 


60 to 160. Eleven of the 15 rats in this group 
turned in the same direction as they had on 
their previous trial. For the 3 rats interrupted 
on the seventh (right-turning) trial, 3 turned 
right. Eight of the other 10 rats turned left 
after being interrupted following a left turn 
(5 from the group of 5 interrupted on the 
Sixth trial and 3 from the eighth-trial group). 
The probability of 11 out of 15 turning in the 
hypothesized direction by chance alone is less 
than .05. 

The only other explanation which would 
appear to vitiate the spatial hypothesis is 
suggested by the results of certain experiments 
on the resumption of interrupted tasks. The 
animals may have been responding to a newly 
instigated drive or "tension" to complete the 
unfinished task. An experiment to test this 
hypothesis is presently in progress in the ani- 
mal laboratories of the University of Pennsyl- 
vania. 


SUMMARY 


1. An experiment was conducted to test 


whether animals learn to alternate places 0T 
responses. 


2. Thirty rats were trained on a simple 
T maze in a rich extramaze environment 
to learn a simple alternation problem to ? 
criterion of ten perfect trials. 


3. After they had reached the criterion, the 
animals were interrupted during one of theif 
trials and restarted, 


+. Twenty-three of the 30 animals responded 
by turning in the same direction as that on the 
interrupted trial. 
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CHOICE ALTERNATION: I. STIMULUS VS. PLACE VS. RESPONSE 


E. L. WALKER, W. N. DEMBER, R. W. EARL, AND A. J. KAROLY 


University of Michigan* 


"Spontaneous alternation" is a. descriptive 
term which has been applied to the often ob- 
Served tendency of rats to behave in an or- 
derly rather than a random fashion when 
presented with a two-choice alternative more 
than once in close succession. Empirically, if 
an animal turns left in a T maze on its first 
(mal, and if it is immediately returned to the 
Slarting point, the probability is quite high 
that it will turn right on the second trial. 

This systematic tendency to alternate 
Choices has assumed considerable theoretical 
™portance. Solomon (7) related it to Hull's 

reactive inhibition” (Zp). Montgomery (4, 5, 
6) found the phenomenon related to the 
Stimulus present and attempted to explain it 
aS à manifestation of exploratory behavior. 
Glanzer (1, 2) independently verified Mont- 
i ees findings and explained the behavior 

„erms of "stimulus satiation.” 

The present experiment stems from the 
and methods used by Montgomery and 
Both experimenters performed, 
ng others, an experiment based on this 
of reasoning. Suppose we have a T maze 
one arm painted white and one painted 
k. If an animal is placed in such a maze 
turns left to the white stimulus, and on a 
Nd trial alternates and thus turns right to 
mie stimulus, it has alternated bomi P 
cab d (L, R) and the stimulus (w, b). l 
is = seen that the stimulus and the response 
ch a situation are confounded. 
" es asks the question, "Is the animal 

E ating With respect to the stimulus or to 
Signe it is necessary to arrange à 
One eee in which the animal can do either 

ut not both. 
1 Ph. Montgomery and Glanzer achieved 
ray Objective by using a -r-shaped maze. 
one accomplished by adding an E 
one, C stem apposed to the original 
Now if an animal turns left to the white 


logic 
Glanzer, 
amo; 
kinc 
With 
blac 
and 
Seco 
the 


' This t from 


he H; 


2 Study was supported in part by a gran 

verge Rackham School of Graduate Studies at the 

A, Sity of Michigan. The animals were run by 
aroly, 
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(L, w) on the first trial, it can be placed at 
the other starting stem on the second. This 
time S may turn to the right and return to 
the white (R, w) or turn to the left and go to 
the black (L, b). In the first instance S would 
be alternating the response (L, R) but re- 
peating the stimulus (w, w), and in the second 
instance S would be repeating the response 
(L, L) but alternating the stimulus (w, b). In 
both studies the tendency to alternate the 
stimulus was pronounced, and the response as 
a determiner of alternation seemed of little 
importance. 


THE EXPERIMENTAL QUESTION 


A further question could be asked of this 
situation: Is the observed alternation with 
respect to the black and white stimuli of the 
inside of the maze, or is the animal simply 
going to another place in the room? 

This question can be answered in the fol- 
lowing way. In the original experiments on 
spontaneous alternation as analyzed above, 
stimulus and response were unconfounded by 
Montgomery and Glanzer by presenting the 
animal with a situation in which it could al- 
ternate one but not both. In these designs, 
however, stimulus and place were still con- 
founded. That is, the animal could alternate 
place plus the stimulus or the response: 


PS or R. 


Stimulus and place can be separated by 
pitting either one against the other plus the 


response, thus: 


and 


RP — $ 


and with the Montgomery-Glanzer combina- 
tion, the relative influence of the three pos- 
sible determiners of alternation can be 
determined. 

The animal can be offered these alternatives 
as shown in Figure 1. With the maze in the 
standard position the animal can be started 
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North (N) 


West (w) 


block (b) 


white (w) | East (E) 


South (S) 


STANDARD 


North (N) 


West (Ww) | (suum (9) 12019 | East (E) 


South (S) 


ROTATED 


Fic. 1. Diagram of experimental maze showing rela- 
tion between alternate starting positions (Sı and se), 
one of which was closed off on each trial; color of al- 
ternatives; and Spatial positions when in the standard 
and rotated positions, See text for explanation, 


twice from the South (S) 
times. If § turns left to th 
goes to the west (L, b, 
when S is presented wit 
must go either left, 


and at (s) both 
e black and thus 
W) on the first trial, 
h its second trial, it 
black, west (L, b, W), or 
it can go right, White, east (R, w, E). If S 
does the former, it repeats response-stimulus- 


place, and if 5 does the latter, it alternates all 
three: 


RPS — 0, 
i If Sis placed at (31) on the south (S) on the 
first trial and at (sx) at the north (N) on the 
€ he maze in the standard posi- 
tion, then response is pitted against stimulus 


and place as in the Montgomery and Gl 
situations. Thus: 


anzer 
PS = R, 
If S is started 


at (S) at the south 
first. trial 


(S) on the 
and before its Second tria 


l the maze 
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is rotated 180°, and if S is started again at the 
south (S) but this time at (s2), then S has this 
alternative. If S goes left to the black and fa 
the west (L, b, W) on the first trial, it nm 
may go left, white, and west, Gs w Wis * 
it may go right, black, and cast (R, b, Th 
the former, S will be alternating the stimu 2 
but repeating the response and the place. M 
the latter it will be alternating the respon 


; ; " 
and the place but repeating the stimulu 
Thus: 


RP — S. 


Lastly, if S is started as before at (sı) at qi 
south (S) on the first trial and the maze "a 
now rotated 180°, and on the second trial p 
started from (sı) again but this time from 7 
north (N), the following can happen. If " 
first choice was left, black, west, (L, b, W) 
on its second trial S can turn right, iu 
west, (R, w, W), or it can turn left, en 
east, (L, b, E). If it does the former, S wou : 
be alternating response and stimulus and vd 
peating place, or if it does the latter, it ca 


: : m 
alternate place and repeat stimulus and T 
sponse. Thus: 


RS — p. 


j M -— int, 
By using north (N) as a reference ne 
instead of south (S) as above, each of thes 


fus di 
ae aking ? 
four conditions can be repeated, making 
total of eight conditions, 


METHOD 
Subjects 


ally 
The Ss for this experiment were 24 experimentally 
naive male albino rats, The Ss all came from the ae 
colony, were all horn on the same day, and were the 
proximately five months old at the time of 
experiment, 


Apparatus 


The apparatus used in this experiment was ¢ 
maze as shown diagrammatically: in Figure 1. 
+ maze, however, was always used as a T maze. "éd 
Was accomplished by lowering either of the der 
Di or D», before the Start of each S's run, The eee 
maze in this experiment was placed on a large piy pe 
board with wheels attached, so that the maze coul 
rotated on a track that was fastened to the table. in 

The maze had wooden walls 4 in, high by !2 yof 
thick and a mesh wire floor and roof. The mesh re 
Permitted the Ss to See anything in the room a n 
about the 6-ft. level, An 18-in square cheeseclo 
Sereen was fastened to the maze on the outside of € 
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Starting box so that Ss could not see E but which 
allowed E to see where S was in the maze. The entire 
maze was set about 4 in. above the plywood board. The 
maze pathway was 4 in. wide throughout. The starting 
arms were 18 in. long from the choice point to the end 
of the starting box. The goal arms were 18 in. long 
from the choice point up to the door at the entrance to 
the goal box. The starting boxes were 6 in. by 4 in., 
and the goal boxes were 9 in. by 6 in. j 

In order to prevent retracing and to block off the 
entrance to the starting arm not in use, guillotine-type 
doors made of Masonite were used. These doors were 
Situated at the entrances to each goal box and each 
Starting box as well as on all four sides of the choice 
point, 

Both the wood and wire mesh of the entire outside 
of the maze, as well as the inside of the starting arms 
and starting boxes, were painted a flat gray. The goal 
arms and goal boxes were made clearly distinct by 
painting the entire inside of one flat black and the 
other flat white. Furthermore, the coarseness of the 
wire mesh was different in each goal arm for a distance 
of 12 in. on either side of the choice point. That is, the 
black arm had mesh of four wires to the inch for both 
roof and floor, whereas the white arm had mesh of two 
wires to the inch. The gray portion of the maze, along 
with the remainder of the exit arms, had mesh of three 
Wires to the inch. 

The experimental room was a small room approxi- 
mately 8 ft, by 8 ft. with a ceiling 9 ft. high. The north 
and east walls were of cement block painted a cream 
color, The west and south walls were of a metal panel 
Material painted a flat gray. The door was situated 
at the center of the south wall, and was painted a 
rusty red color, There was a small ventilation register, 
Painted to match the gray wall, just above and west of 
the door, There were no windows in the room. The 
table on which the maze rested was situated just 
northwest of the exact center of the room; and, there- 
fore, the “white” fluorescent ceiling light was not 
directly over the maze. 


> 
1 rocedure 


. The experimental procedure consisted of an opera- 
lionalization of the logical procedure described earlier 
'n reference to the experimental question. With two 
Starting places (S and N), two starting alleys (si and sz), 
and the possibility of rotation or nonrotation between 
the first and second members of a pair of trials, eight 
Conditions are permitted. These eight conditions are 
Specified in Table 1. As can be seen in the last column 
of this table, these eight conditions permit two tests 
ach of four different combinations of these three 
Sources of alternation determination. N 
of Es example, in Condition A, the animal has a choice 
alternating all three at once (response, stimulus, and 
Place) or nothing, that is repeating all three. This is 


le 3 H 
ans twice, once starting from the north starting 
: ey (N) and once starting from the south starting 
alley (S) 

The animals were given four days of handling prior 


The, pre- 
ation and 


to the à 
xs experiment in order to tame them 
"ling consisted of 22 hr. of food depriv 


influence as a determi 


TABLE 1 
Design of Experimental Conditions 
Ist Trial 2nd Tria : 
Condition Starting SHEER Alternation 
Place Stem Place Stem Choice 
A S š RPSorO 
B N s RPS or O 
c Ss PSorR 
D Ns PSorR 
E S s RP or S 
F Ns RPorS 
G Ss RSorP 
H N s: RS or P 


running the rats to food on either end of a board 
stretched between chairs in the cage room. The rats 
had no experience in the maze. They were then divide 1, 
by selecting every eighth rat, into eight groups of 
three rats each so that each group could be run under 
a single different condition each d 

Each animal in each group was given two trials, one 
immediately after the other on each of 16 days. There 
was never any food in the experimental maze. On any 
given day each of the eight groups was run under a 
different one of the eight conditions. After 8 days, each 
rat had run under each of the eight conditions. After the 
first 8 days, the same procedure was repeated so that 
after 16 days of test trials, each rat had experienced 
each condition twice. 

The animals were run daily between 4 P.M. and 6 P.M. 
and were fed daily rations of three Purina Chow pellets 
about an hour after running. The home cages for the 
rats were just outside the experimental room in which 
the rats were being run. Each rat was taken individually 
into the experimental room (the order of running was 
the same every day), given the two successive trials 
required by the single test condition, and returned to 
the home cage. Between these two daily trials, the rat 
was placed in a small individual cage (in the experi- 
mental room) for about 30 sec. while E adjusted the 
maze for the second trial. 


RESULTS AND DISCUSSION 


The results may be seen in Table 2. When 
the animals are permitted to alternate with 
respect to all three manipulable aspects of 
this situation simultaneously—response, stim- 
ulus, and place— 77.1 per cent of the choice 
pairs are alternations and 22.9 per cent are 
repetitions. When place and stimulus together 
are pitted against the response, the tendency 
to alternate is essentially no different. This 
result confirms those of Montgomery (4, 5, 6) 
and Glanzer (1, 2) precisely. They found that 
the response seemed to be almost without 
f of alternation. 
Po of the 

H 


s q ge- j 


*nal 


tv 
to 


TABLE 2 
Comparisons of the Tendency to Alternate under Each 
of the Four Basic Conditions of the Study 


Average : 
Alem Number of Ber MEBEY Come.) gas b 
nation Alternations Er wp. Parison 
Choice ‘Alternation: rations Alters 

Group 

RPS 3.08 (a) 74 a-b 316 1 ms. 
o .92 22 l-c 4.31 .001 
PS 3.040) 73 ad 312] .01 
R .96 23 be 417  .001 
RP 1.83(c) 4 > bd 2.724 .02 
s 23.17 52 4i! cd 2.81 ! .05 
RS 2.33 (d) 56 3 | 
P 1.67 40 4.7 | 


text for explanation. 


! values are calculated from the iormula for £ for 
correlated mean: en by MeNemar (3, p. 226). 
a slight underestimate of 5, 
animal was 


They represent 
since the four opportunities each 
en to respond to each of the basic conditions in- 
volved a repetition of a pair of trials where one of the pair was 
started from one startin: and the other member of the pair 
was started from the other. This amounts to an experimental 
control not statistically controlled, and enters the error term 


with a consequent spurious reduction in the obtained ¢ value. 
With an N of 24, the df 


complex, however, and is pitted against the 
response and place together, a statistically 
significant difference is found (a-c comparison 
in Table 2). Likewise, when place is inde- 
pendently separated from the complex (a-d 
comparison), the difference is statistically 
significant. The comparisons between the re- 
Sponse and stimulus as determiners of alterna- 
tion (b-c comparison), response and place 
(b-d comparison), and stimulus and place 
(c-d comparison) indicate that of the three the 
stimulus is most important, place is second, 
and response last. Furthermore, all these 
comparisons are statistically significant. 

While the data reported here do not di- 
rectly support it, comparisons of these data 
with others Suggest that the effectiveness of 
any one class of determiners of alternation 
could be manipulated almost at will. 

The stimulus, which as used here means the 
intramaze stimuli, could be made maximally 
important by increasing the distinctiveness 
of the two sets of stimuli. The place cues 
could be maximized by arrangements of extra- 
maze stimuli designed to make place distinc- 
live. The general principle would be that 
choice alternation will be at a minimum when 
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the stimuli relevant to the two alternatives 
are the same and will increase as the two an 
of stimuli are made increasingly capi 
Furthermore, alternation with respect to a 2 
ferent aspects of the stimuli relevant to the 
two alternatives can be differentially manipu- 
lated to the extent to which the stimuli can 
be differentially manipulated with respect s 
distinctiveness. Increasing the effectiveness - 
the response as a determiner of apii 
could be accomplished by analogy with i 
principle stated above by making the gent 
responses to the two sides as i eme y 
different as possible in terms of their prophe 
ceptive returns. This possibility is the sujen 
of a further experimental paper in this serie à 
Hull's “reactive inhibition" concept (in! 
has been applied to data of this kind. As " 
empirical description of a class of behaviors 
change which occurs as a function of time. 
Hull's notion is not contradicted. As a the- 
oretical construct relating that change to "m 
response, to the exclusion of the stimulus, -: 
applicability to choice alternation p va 
clearly brought into question by these finc 
ings as it has already by Glanzer and Mont- 
gomery. " 
Glanzer's “stimulus satiation” concept "s 
applicable to these data if one treats stimuli 
and place as intramaze and extramaze stimu i 
The possibility that the response has some i! 
fluence on alternation would not be handle 
by Glanzer's theoretical formulation. Mont- 
gomery’s "exploratory drive" seems indis 


d P aos aware 
tinguishable in its predictions from Glanze 
“stimulus satiation,” 


SUMMARY 


Twenty-four naive albino rats at oe 
months of age were tested in a + maze p 5 
a design which permitted the animal to rs 
ternate with respect to the response (lel : 
right), the intramaze stimuli (white-black), f 
place (east-west) in combinations whi b 
yielded an assessment of the relative impor 
lance of each of these possible determiners » 
Choice alternation. A 
to have little, if 
considerable 
had more 
clusion wa 
these data 


The response was foU x 
any, importance; place had Š 
importance; and the stimulu 
importance than place. The i 
s reached, partly on the basis ^ 
» that the relative importance * 
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each of these variables could be manipulated 
almost at will. Hull's "reactive inhibition" 
concept fits these data as an empirical de- 
scription, but not as a theoretical construct. 
Glanzer's "stimulus satiation" concept and 
Montgomery's "exploratory drive" both fit 
as long as the response plays little role, as it 
does in these data. 
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JLU. 5 JLUS AND 
CHOICE ALTERNATION: II. EXPOSURE TO STIMULUS OR STIMULUS 
l PLACE WITHOUT CHOICE 


E. L. WALKER, W. N. DEMBER, R. W. EARL, S. E. FLIEGE, Axp A. J. KAROI 


University of Michigan! 


When rats are placed at a choice point 
more than once in quick succession, the prob- 
ability is quite high that they will alternate, 
or choose on the second trial the opposite of 
their choices on the first trial. When Mont- 
gomery (3, 4, 5) and Glanzer (1, 2) gave 
animals the opportunity to alternate the 
stimulus and repeat the response or to alter- 
nate the response and repeat the stimulus, the 
stimulus proved to be the important deter- 
miner of behavior. When Walker, Farl, 
Dember, and Karoly (6) made a further 
Separation of the determiners of alternation 
into stimulus, place, and response, they found 
that of the three, stimulus was most impor- 


lant, place, moderately important, and re- 
sponse, least important. 
Glanzer (1) treats his data in terms of 


"stimulus satiation" as if alternation behavior 
was a function of a decrement in the tendency 
to respond positively to the black or white 
stimuli of the inside of the maze. Place can be 
treated as extramaze stimuli and the results 
obtained by Walker, Dember, Earl, and 
Karoly handled within the framework of 
Glanzer's theory. This treatment would 
reason that intramaze stimuli and extramaze 
stimuli are simply two different sources, each 
of which contributes a share in the deter- 
mination of alternation. It is an easy implica- 
tion that exposure to the two sources of 
stimuli could be independent of each other or 
of the maze itself without altering their effect 
on the tendency of the animal to approach or 
to avoid them. 

It seems to follow, 


I 1 lor example, that if an 
animal is exposed to 


r a white stimulus for a 
period of lime and then introduced loa T 
maze with one white and one black alterna- 
live, it should choose the black alternative, 
since the previous exp 


‘i osure should have led 
lo “stimulus satiation” for white, 


! This study was su 
the Horace Rackh: 
University of Mi 


Pported in pa 
am School of Grad 
chigan. 


tt by a grant from 
uate Studies at the 
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This paper is concerned with two ar ^ 
ments designed to test this ve qe : 
Experiment I; the animals were exposec "d 
white, gray, and black boxes outside pt 
maze for varying periods of time, and mer 
were then introduced to a T maze with blar 
and white alternatives. In Experiment II s 
animals were placed in the black and her 
goal boxes of the maze itself for a pemon v. 
time and then introduced at the yon 
point. By rotating the maze between a ed 
posure and the test, the animal coule ali 
presented with a chance to alternate aar e^ 
and thus repeat place, or to alternate in 
and thus repeat stimuli. The two gere : 
together permit a contrast of "the un 
not in this place" with to “th 
stimulus in this place.” 


exposure 


METHOD 

Subjects 

Experiment I. The Ss were 6 experimentally nui 
male rats. They were albino rats from the colony me 
the University of Michigan, were all born on the un he 
day, and were approximately 5 months old at tial 
beginning of the experiment. In the subsequent pom 
replication of this experiment, 40 naive white rats ^ 
proximately 4 months old were used. aive 

Experiment LI. The Ss were 24 experimentally na ths 
male albino rats which Were approximately 9 De 
old at the beginning of the experiment. In the 3 
partial replication, 12 more rats approximately 
months old were used, and in the second partial repli 
tion, 20 more naive albino rats were used. 


AA bparatus 


The appara 
same as th 
Karoly (6), 


In Experiment I the 


he 

tus for both these experiments was i 
at used by Walker, Dember, Earl, 4 

me 

apparatus was used as a sin 

maze, with one white and one black alternative: 

addition, a "stimulus exposure" box was ged 

Originally this box had been a compartmentali Dy’ 

carrying cage with sections which measured 4 in. "^. 


ed: 


; Carol 
S experiment was run by Andrew J. ner 

l replication was run by William N. Ten 
S experiment was run hy Stewart Fite 


Two partial replications were run by William 
Dember. 
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Sin. by 5 in. Two were painted black, two were white, 
and two were gray. After Condition 1 was completed, 
partitions were removed making three large compart- 
ments measuring 8 in. by 5 in. by 5 in. one of each 
color, 

In Experiment II the maze was used as a 4- maze. 
This maze could be rotated. If an animal is placed 
in the black goal box on the west side, and if after S is 
removed the maze is rotated 180° before the animal 
is placed at the starting point, S can either go to the 
white arm now at the west, avoiding the original 
stimulus and approaching the original place, or S can go 
to the black arm now on the east side and thus avoid 
the original place and approach the original stimulus. 


Procedure 


The animals in both experiments were given the 
Same pre-experimental experience. This consisted of 
four days of handling in order to tame them. During 
these four days the animals were food deprived for a 
period of 22 hr. and then permitted to run back and 
forth on a board suspended from two chairs to get food. 
This experience took place in the cage room and the 
animals had no prior experience in the experimental 
maze. 

Experiment I. The animals were run under four 
different conditions in which the size of the exposure 
box or the time of the exposure was varied. The condi- 
lions were as follows: 

Condition 1. Thirty-minute exposure in small boxes. 
Four days. 

Condition 2. 7 
Four days. 

Condition 3. Fifteen-minute exposure in large boxes. 
Two days. 

Condition 4. Thirty-second exposure in large boxes. 
Two days. 

Two of the six animals were exposed to each color on 
each of the experimental days, and each pair was 
shifted to a different color each day 

The animals were run daily between 3 and 4 p.m. 
and were fed their daily ration of three Purina Chow 
pellets about an hour after running. They received no 
food in the maze. Each animal was taken from its home 
cage and placed in one compartment of the stimulus 
exposure box which was left in the cage room. After 
the predetermined period of exposure, the box was 
Carried into the experimental room, and each animal 
Was given one trial in the T maze. In the 30-sec. ex- 
Posure condition, the animals were placed in the 
Pesure box singly and tested before the next animal was 
removed from the home cage. 

Because of the obvious lack of any tendency to 
Choose the opposite of the exposure color during the 
first eight days, on days 9, 10, and 11 the animals 
Were given a second choice immediately after the test 
trial. This made it possible to test whether these 
animals under these conditions would alternate on 
Successive "choices" as had been previously ascer- 
tained. In the partial replication, the conditions were 
the same as in the original experiment. Half the animals 
Were exposed to black, half to white, and the exposure 
time was 45 sec, 


hirty-minute exposure in large boxes. 


Experiment II. The animals were placed in one of 
the two goal boxes of the experimental maze for 45 
sec. They were then removed to a small holding cage 
for 30 sec. while the maze was being adjusted, and then 
introduced at the starting point. With two colors (black 
and white), and two places (east and west) where the 
exposure could occur, there were four exposure condi- 
tions. For each exposure condition, the test trial could 
be started at the north or at the south, and the maze 
could remain stationary or could be rotated between 
exposure and test. This made four test conditions. 
Thus there was a total of 16 conditions. In half these 
conditions, when the maze is stationary between ex- 
posure and test, the animal may approach both the 
stimulus and place of the exposure period or avoid both. 
In the other eight conditions, 5 may choose to ap- 
proach the same place and avoid the exposure color, or 
it may choose to avoid the same place and approach 
the exposure color. 

The animals were divided into eight groups of U.ree 
animals each. Each group of animals was run through 
all 16 conditions, and on any given day, each of the 
eight groups was experiencing a different condition. 

The animals were run daily from 10:00 a.ar. to noon, 
They were run under approximately 22 hr. of food dep- 
rivation. Each day their home cages were transported 
on a cart from the living area to a place just outside 
the experimental room. After all animals had been 
run, the cages were taken back to the living area. They 
were fed their daily ration of three Purina Chow pellets 
approximately 1 hr. after running. They received no 
food in the experimental maze. In the first partial 
replication, each animal was exposed for 45 sec. to one 
goal box and then placed in the starting box. Each 
was exposed to a different stimulus-place combination 
on each of four days. In the second partial replication 
half the animals (10) were exposed to one goal box, half 
to the other. They were tested once. 


RESULTS AND DISCUSSION 


ertain 


Experiment I was designed to a 
whether exposure to a white stimulus disasso- 
ciated from the T maze would influence the 
choice of a white or a black alternative in the 
maze. The results may be seen in Table 1. Tt 
is quite clear in both the original results and 
in the replication that exposure to one of the 
alternative stimuli outside the maze creates no 
predisposition for the animal to choose the 
alternate stimulus in the maze. A test of the 
significance of the difference between the 
original experiment and the replication yields 
a ( of .39. One additional result should be 
mentioned. When it became clear in the 
original experiment that pre-exposure was not 
influencing the behavior as might have been 
expected from a "stimulus satiation” theory, 
each of the animals was given a second trial 
after the test trial for three days. This per- 


TABLE 1 


Experiment I—Stimulus Exposure, Showing oa 
Toward or Away from Exposure Color 


Number Percentage 


Experiment of Turns of Turns 
Original experiment 
Condition 1 aoe 
To exposure color 2 36:9 
Away from exposure color 7 43.7 
Condition 2 . 
To exposure color 7 B. i 
Away from exposure color 9 56.3 
Condition 3 
To exposure color 5 
Away from exposure color 3 
Condition 4 ] 
To exposure color 5 62.5 
Away from exposure color 3 31.5 
All conditions 
To exposure color 26 54.2 
Away from exposure color 22 45.8 
Partial replication 
To exposure color 20 50.0 
Away from exposure color 20 50.0 


* The results obtained when exposure wi 
reported here. They show a slight tend 
prefer the black alternative, a tenden 
results reported, 


as to gray are not 
lency for the animals to 
cy controlled out of the 


mitted us to "sample," so to speak, the al- 
lernation tendency of these animals under 
these conditions in the traditional way. Of 18 
Opportunities to alternate choices, 16 or 89 
Der cent were alternations and only 2 or 11 
per cent were repetitions, 

The second experiment w 
ascertain whether exposure t 
in this place" could lead to a tendency to 
avoid the exposure stimulus even 
there was no apparent tend 
exposure stimulus in Experiment I. It 
permitted an assessment 
fluence of stimulus 
any. 


‘as designed to 
o the “stimulus 


though 
lency to avoid the 
also 
of the relative in- 
and place should there be 


These results mày be seen in Table 2. 


Placing the anima] in one of the goal boxes 
had little effect 9n à subsequent choice, A test 
of the Significance of the difference between 


the results in Experiment 1, with exposure to 
the stimulus alone, and the results in Experi- 
ment 


II, with exposure to both stimulus and 


place, is not significant despite an excep- 
tionally large V (see Table 3). The findings in 


Experiment [I do not differ significantly 
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from random choices. Thus one cannot safely 
assume even a slight tendency to avoid. = 
box (stimulus and place) to which the ame 
was exposed. If one should reason that a we 
extensive test would have revealed a smel 
reliable difference, the most striking os 
teristic of the results would still be the sma 4 
ness of this difference in comparison be 
that found in the Walker, Dember, Earl, and 
Karoly study (6). A comparison of the vA 
experiments may be seen in Table 3. posts 
a significant difference between the resu : 
when the animal is allowed to choose E 
alternative and then given another rwy 
compared with the results when the guum. 
placed in the goal box for a comparable per 
and then given one choice. ould 
The separation of stimulus and place WE " 
have had significance in Experiment Il, ues 
there been a marked and ar ay 
to avoid the exposure condition. As it is, "T 
little can be said. If there is a tendency hà 
avoid the exposure condition, it is the stimu r 
and not the place which is being pipa 
Since one cannot safely say that there is a”) 


TABLE 2 “ei 
Experiment II— Choices to and Away from the T 
Box to Which the Animal Had Been Exposed 
(Stimulus and Place), and the Choice Between 
Stimulus and Place when the Animal May 
Approach Either but not Both 


r ercentle 
Number Pereen os 


Experiment of Choices of Cho 


Original experiment 
Choices toward exposure 


3 
Stimulus and place 83 43.2 
Choices opposite exposure on fT 
Stimulus and place 109 e 
Choices opposite exposure ia 
Place 82 2 
Choices opposite exposure z4 20 
Stimulus 110 nd 
First partial replication 
Choices opposite exposure s0.0 
Stimulus and place 24 d 
Choices toward exposure 30.0 
Stimulus and place 24 mue 
Second partial replication 
Choices opposite exposure 5.0 
Stimulus and place 93 ar 
Choices toward exposure <5 0 
Stimulus and place 11 i 
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TABLE 3 
Comparative Tendencies to Choose the Opposite of 
the Exposure Condition 


(Original experiments and replications are combined.) 


: ! Number Number Per- 
Exposure Condition of oi centage 
Animals* Choices of Choices 


1. Exposure to stimulus outside 
of m: 
Opposite 


posure condition 

Toward exposure condition 
? Exposure to stimulus and 

place in maze 

Opposite exposure condition 31 142 

Toward exposure condition 25 118 
- Self-exposure to stimulus, 
ind response in maze 
te exposure condition 2 
Toward exposure condition 2 


5 
n da 


Oppo 


Comparison | xt b 


land 2 .20 -65 (approximate) 
land 3 | 10.67 .001 
2and 3 i 5 O01 


* After it was established that there was no difference between 
the original experiments and their replications, all animals were 
classified as an “Opposite” or a "Toward" animal. Ties were 
divided equally, There were three ties in Condition 1, ten in Con- 
dition 2, and two in Condition 3. 


lendency to avoid the exposure condition, one 
Cannot safely attempt to apportion the deter- 
mination of this tendency. 

These results taken together seem to permit 
Several conclusions. When given two choices in 
Close succession in a T maze, animals tend on 
the second trial to avoid the situation to 
Which they were exposed by their own choice 
9n the first, The determiners of this tendency 
(stimulus, place, and response) can be assessed 
With respect to their relative roles. However, 
When the active choice of the animal is 
omitted and S is exposed either to the color 
of one of the alternatives alone but disasso- 
ciated from the maze, or when S is exposed to 
the color and place together by being placed 
in the goal box of the maze itself, little or no 
lendency to avoid the exposure condition is 
demonstrated. 

Thus, while attempts to assess the relative 
degrees to which stimulus, place, and response 
determine alternation behavior show that the 
Stimulus is by far the most important, ex- 
Posure to the stimulus alone has no influence. 
hile stimulus and place account for virtually 


à d 
all the variance here as opposed to response 


tv 
- 


in the Walker, Dember, Earl, and Karoly (6) 
experiment, exposure to stimulus and place 
disassociated from the actual choice of the 
organism has little if any effect. Choice cannot 
be identified with response in the sense of left 
and right turns, for response in the latter 
sense was shown in the Walker, Dember, 
Earl, and Karoly experiment to play a rela- 
tively unimportant role. 

What then is the meaning of choice? These 
experiments were designed, in a sense, to show 
what it could not be and not what it is. Our 
preference at the moment and on the basis of 
these experiments alone is to say that if an 
animal is given what anthropomorphically 
seems to it to be the same decision twice, -S is 
likely to choose two alternatives rather than 
one. In the Walker, Dember, Earl, and Karoly 
experiment, we are assessing the way in which 
the animal "saw" its first decision. Most saw 
it as a choice of colors, some saw it as a choice 
of places, virtually none saw it as a choice of 
response. 

In the two experiments reported in this 
paper, the animal was given only one choice, 
and its prior experience, which did not in- 
volve a choice, did not, therefore, show much 
influence. 

Thus we can tentatively conclude on the 
basis of these experiments, that it is a choice 
that is being alternated in "spontaneous al- 
ternation” studies, and that the various 
factors that have been studied must be rele- 
vant to the choice in order to influence the 
tendency to alternate. While this conclusion 
seems satisfactory for these data, the require- 
ment of choice limits the generality of the 
principles involved. Further studies vill un- 
doubtedly yield a more precise description of 
the necessary conditions for influencing a 


subsequent choice. 
SUMMARY 


Two experiments were performed to ascer- 
tain whether exposure to either the black or 
white stimuli of the maze, but outside the 
maze, or exposure to the black or white goal 
boxes of the maze itself would influence a 
subsequent free choice of the animal when 
introduced into a T maze with black and white 


alternatives. 
In Experiment I, six animals were detained 
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in exposure boxes under four different condi- 
tions. The conditions were: (a) 30-min. ex- 
posure in small boxes, (b) 30-min. exposure in 
large boxes, (c) 15-min. exposure in large 
boxes, and (d) 30-sec. exposure in large boxes. 
In 54.2 per cent of the subsequent choices, 
the animals approached the exposure color. A 
replication involving 40 animals with 45-sec. 
exposure produced a 50 per cent choice of the 
exposure color. The conclusion is drawn that 
such pre-exposure to the stimulus color had no 
effect on the subsequent choice. 

In Experiment II, 24 animals were placed 
for 45 sec. each in one of the goal boxes, and 
after a. 30-sec. pause placed at the starting 
point. There is no demonstrable tendency for 
these animals to choose the opposite of the 
exposure condition. A partial replication 
involving four tests each for 12 animals and 
another involving one test each for 20 animals 
confirmed the finding of no effect of such 
exposure. 

There is a significant difference between 
each of these results and the large tendency to 


alternate obtained by Walker, Dember, Earl, 

and Karoly (6) when the animal first "chooses 

and is thus exposed to one of the alternatives 
and is then given a second opportunity to 
choose. 
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F Consistency of individual performances is an 
portant requirement for most dependent 
variables. If one measures performance on a 
relatively unreliable test, the probability of 
obtaining significant results attributable to the 
effects of an independent variable is poor. Lack 
of internal consistency in the dependent varia- 

le leads, in general, to an underestimate of 
the action of an independent variable. In the 
investigation of learning, however, a constant 
level of performance scores is neither expected 
nor desired, By definition, changes in per- 
formance are expected between repeated tests 
or trials. When a learning task is employed as 
& measure, the more sensitive task is the one 
9^ which Ss’ ranks remain relatively constant 
ftom trial to trial or from one stage of learning 
to another. A task on which Ss vary widely in 
rank position from one stage of learning to 
another will be an insensitive indicator of the 
Action of an independent variable. 

Carr (2, 3) has emphasized some of the 
Practical and theoretical hazards that often oc- 
ul. interpreting learning task reliabilities; 
NoweVver;, if precautions are taken, the re- 
liability figures undoubtedly contribute materi- 
d to the use of the task in question. In gaui: 
mak, the availability of reliability coefficients 
ei it possible to assess the effects of minor 

Bes in the apparatus. For example, both 
Der (8) and Ruch (10) have demonstrated 
y, ee reliability of animal mazes pe 
js = doors are added. McNemar (9, p. d 
he Iscussed the problem of the meaningfu - 
ta Re reliability determination for learning 
asks, 
ieee ar the present investigation ede 
object ine the reliability characteristics - h 
inmana aliy discrimination task in order = 
Pendent the usefulness of the test as à de- 

! variable, 


rt by re- 


'stigation supported in pa c 
€ oj Rent No. M-487 (C) from the National Insti 
Mental Health, Public Health Service. 
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METHOD 


Subjects 


The data used in this study were collected from 23 
young rhesus monkeys weighing 5 to 9 lb. and having 
comparable experience and training in the laboratory. 
These animals were trained in groups of 6, 8, and 9, 
Each group was trained as a unit on the object-quality 
discrimination task. Although all the groups were not 
trained during the same calendar months, they were 
tested during the period from November, 1959 to 
October, 19512 $ 


Apparatus 


Discrimination learning was conducted in the Wis- 
consin General Test Apparatus (WGTA) described by 
Harlow and Bromer (7). The essential elements of the 
WGTA are a restraining cage for the monkey; a stimu- 
lus tray which can be pushed forward within the ani- 
mal's grasp; an opaque screen which, when lowered, 
prevents S from observing the baiting of the objects; 
and a one-way-vision screen through which Æ can 
observe S. 

The stimuli to be discriminated were 320 pairs of 
stereometric objects similar to those used by Harlow 
(5). When more than 320 problems were presented, the 
series was repeated starting with the first objects. 


Procedure 

Preliminary training. Each group of monkeys was 
given a laboratory adaptation period of approximately 
three weeks before the beginning of the training trials. 
During this period the monkeys were observed caree 
fully for indications of illness or physical impairment, 
During the adaptation period they were partially 
trained by Æ, who fed each animal by hand several 
times daily. 

After the animals had become adapted to living in 
the colony, preliminary training trials were conducted 
in the WGTA. During the course of a six-week period 
the monkeys were taught to displace stimulus objects 
on the movable tray in order to receive food rewards. 
The initial hesitation and withdrawal responses to the 
various movements and noises of the apparatus were 
overcome during preliminary training. 

Object-quality discrimination learning. The only per- 
tinent change in general test procedure from that de- 
scribed by Harlow (6) was that each object-quality 
problem was presented for only three rather than six 


trials (D. " ae 5 s 
All groups were given 576 object-quality problem 


? Some of the data herein reported were collected by 
H. W. Braun and H. W. Barnes. 
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—- Trial) Retatitity 


PRODUCT-MOMENT RELIABILITIFS 
PER CENT CORRECT RESPONSES 


7777 Trial 2 Correct Responses 


==- Trial 3 Correct Responses 


BLOCKS OF % PROBLEMS 


Fic. 1. The intrablock reliabilities and percent 
of correct responses for trial 2 and trial 3 of object- 
quality discrimination learning. 


The stimulus objects and positional sequences used 
were identical for all animals. Eight three-trial prob- 
lems were presented each day. 


RESULTS 

The reliability of performance on the dis- 
crimination task was calculated within e 
block of 96 problems for trial 2 and for tri; 
Since eight problems were 
testing days were necessary to complete a 
block of 96 problems. The split-half reliabilities 
were determined by correlating the errors of 
odd and even days. The resulting reliability 
Coefficients were corrected with the Spearman- 
Brown formula (9), 

The corrected coefficients for the split-half 
reliability within each block of 96 problems 
are illustrated in Figure 1. The percentages of 
correct responses on the object-quality prob- 


lems for trials 2 and 3 are also shown in 
Figure 1. 


ach 
al 3. 
given per day, 12 


TABLE 1 


Intercorrelations (Product-Moment) Be 


tween Trial 2 


Performances on Successive Blocks of 96 Problems 
Blocks of Blocks of Problems 
Problems n = 
2 3 4 5 6 
1 16 BEI 17 .10 «15 
2 | 82** 58** 92* .A1* 
3 79** 56** | 485 
4 83** 7 
: i 


ificant at the .05 level 
** Significant at the 01 level 
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TABLE 2 ‘ais 
Intercorrelations (Product-Moment) Between Fou 
Performances on Successive Blocks of 96 Problems 


| Blocks of Problems 
Blocks of 


Problems |—— — —— "UN NEC P 
homme] sm as 01 
.56** | .32 .16 16 : 
2 MN ZO 
3 pssi myew | 76" 
1 93** | .90** 
5 


.93** 


* Significant at the .05 level, 
** Significant at the .01 level. 


Correlations were also computed for go 
between the blocks of problems, i.e., each Bior 
was correlated with every other block of ta 
lems. Since these product-moment coefficien 
were calculated between blocks of problems) 
no correction factor was employed. These 
intercorrelations are presented in Tables 


and 2 for trial 2 and trial 3 performances 
respectively, 
DISCUSSION 
Juv 

As training progressed, the reliability 
within a block of 96 problems was found ; 
increase rapidly in the case of both ie 
and trial 3 performance (Fig. 1). Whereas t 
trial 2 coefficient for the initial block a M 
problems was .01, the reliability of per pa 
mance on the final block of problems was 0. in 
As could be anticipated, the reliability with " 
the initial set of 96 problems was slight 
higher for trial 3 performance than the © 
responding value for trial 2, ne 

If one is attempting to investigate the "i 
fluence of an independent variable EE 
pharmacological agent) on the learning 
retention of a discrimination task, it is desira j 
in many instances to introduce the independe? 
variable before the asymptote of performan g 
is reached or before overlearning has a cha? 
to occur. One means of achieving this 1$ in 
select a criterion of performance which the 
dividual S must meet before it is placed bee 
experimental or control group. The criter ie 
may be adjusted so that the sensitivity 9 an 
task as a measure of the effect of the indep? , 


5 : j i ‘i 
dent variable is optimal. It is freque! 5 


À $ i os! 
desirable for theoretical or practical purp^^, 
to insure that 


4 : an 
all Ss have received the $ 
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amount of practice or number of trials on the 
task in question. In this case, either a constant 
number of trials may be given or a group cri- 
lerion utilized. Another technique that per- 
mits the introduction of the independent 
variable at any stage of the learning process is 
randomization, In order to utilize the random- 
ization technique most efficiently, however, 
reasonably large groups of Ss must be available 
for testing. 

In the usual infrahuman primate experiment 
the number of available Ss is limited. For this 
reason it seems desirable to utilize information 
regarding the tasks involved to assign Ss into 
groups. Often, of course, the necessary infor- 
mation is lacking, and one must assign animals 
to groups randomly. In the case of object- 
quality discrimination behavior, however, a 
large number of Ss has been tested in this and 
other laboratories. Data are available from 
which refined criteria for matching groups 
may be derived. The intercorrelations between 
blocks of successive problems provide an 
estimate of the size of the correlation figure 
Which will be inserted into the standard error 
of difference formula for groups with similar 
distributions on a matching variable (9, pp. 
339-340). Since use of this technique involves 
the loss of one degree of freedom, the inter- 
correlation between blocks must be judged 
high enough to produce a sufficient savings in 
the size of the standard error so that the loss of 
à degree of freedom is overcome. An idea of 
the relative advantage to be gained from 
Matching groups over randomization is 
Indicated by noting that a correlation of .71 
leads to a reduction in error equivalent to that 
obtained by doubling the size of the samples. 
An intercorrelation of .87 diminishes the 
sampling error by one-half (9, pp. 340). 

_ Both Edwards (4, pp. 288-295) and Mec- 
Nemar (9, pp. 336-341) have discussed the 
Statistical and experimental considerations 
Involved in the matching of groups. It would 
appear that appropriate use of the information 
Concerning intercorrelations between succes- 
Sive blocks of problems on the object-quality 
discrimination task may increase its sensi- 
tivity as a dependent variable. 


It should be pointed out that differences in 
the number of trials given per problem or in 
training technique would undoubtedly alter 
the intercorrelations between blocks of prob- 
lems markedly. 


SUMMARY 


Twenty-three young rhesus monkeys were 
trained on three-trial object-quality discrim- 
ination. All the animals experienced 576 
discrimination problems. The intercorrelations 
between successive blocks of 96 training prob- 
lems were determined. In addition, the split- 
half correlations within blocks of problems 
were computed. 

This information concerning the reliabiiiy 
and intercorrelations between successive blocks 
of problems may be used to determine when a 
group of animals should be assigned to sub- 
groups for the application of an independent 
variable. Appropriate application of these data 
will tend to increase the sensitivity of this 
discrimination task as a behavioral measure. 
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THE EFFECTS OF FIXED-RATIO RANDOM REI 


ORCEMENT ON RESPONSE 


LATENCY OF MONKEYS! 


KENNETH M. MICHELS 


University of Wisconsin? 


The experimental data concerning partial 
reinforcement have been divided, on occasion 
(8), into three basic categories: acquisition, 
retention, and extinction. Those studies deal- 
ing with the acquisition of Tesponses generally 
agree that 100 per cent reinforcement is more 
efficacious than partial reinforcement since the 
final training level is not only higher but is 
also reached more rapidly than it is for less 
frequent reinforcement (3, 4, 7). There is a 
reversal of proficiency, however, during the 
extinction series following performance or 
training under a partial reinforcement regime. 
Under such conditions extinction occurs more 
rapidly following 100 per cent reinforcement 
than it does under partial reinforcement sched- 
ules (5, 8). 

Fewer studies have been concerned with the 
effects of various ratios of reinforcement on 
already established conditioned responses, 
Among those most pertinent to the present 
investigation is a Study by Brogden (1), who 
found that with reinforcement ratios ranging 
00 per cent in 20 per cent incre- 


ments the frequency. of the conditioned re- 
sponse for any ratio n 


per cent for any of th 
tioning studied: 


food, 


ratios of rein- 
forcement, 

os findings of Brogden are in contrast 
with t 5 
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per cent reinforcement on the latency of A 
object-displacing response by normal gt 
and monkeys with bilateral destruction of t s 
prefrontal areas. No differences were reel 
among any of the reinforcement pee 
for the operate group. The 12.5 and 25 pe 
cent reinforcement conditions were found f 
be significantly less effective for the ama 
group in maintaining performance tian : 
50 and 100 per cent conditions, but no diffe a 
ences were found within the two lower ° 
within the two higher conditions. "- 

The experiments to be reported herein a 
part of a series designed to augment 
data of comparative psychology through ^ 
more complete dimensional analysis of rui 
relationship between the retention, or mal! 


à, s cer 
tenance, of responses and ratio of reinfor 
ment. 


EXPERIMENT I 
Method 


n 
Subjects, Eight experimentally naive rhesus a 
keys (no. 174, 178, 179, 181, 182, 184, 185, and 187) W iee 
selected as Ss for this study. All animals had Deen P as 
viously tamed and adapted to the experimental sit 
tion. atus 
Apparatus. The Wisconsin General Test Appara 
(5, Fig. 1) was used throughout the experiment. 
consists of a table placed in front of a barred be RN 
cage. Mounted on the table is a superstructure hol ir 
two movable screens, an opaque screen located pee 
front of the cage, and a one-way-vision screen bw 
in front of E, A movable tray rests on a track on «n 
table and can be advanced toward and wd à 
from the restraining cage. The tray contains a SE 
food well 1!4 in. in diameter, with its center mile 
between the sides of the tray and 2!y in. from the the 
ward edge. An electrical circuit is incorporated inte f 
apparatus to make possible accurate measurement * 
response latency, A single stimulus object is ie A 
this experiment and when it is placed over the food Yel 
a small metal pin is depressed, activating a microsw ul 
and completing part of the circuit, Advancing the ! om 
forward closes a second microswitch located 7 in- h ri 
the opaque screen and starts a Standard Elec the 
chronometer. Displacement of the object brea I 
circuit and stops the chronometer. With this appara 
response latency can be recorded to 0.01 sec. , of 
Experimental design. There were 11 conditions yef 
fixed-ratio random reinforcement ranging from uL 
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. Fic. 1. Performance as a function of frequency of re- 
inforcement. 


cent to 100 per cent in 10 per cent increments. Each 
animal was tested on a given condition 50 trials a day 
for five consecutive days. The daily run of 50 trials was 
subdivided into five blocks of 10 trials each, and a pre- 
determined frequency of reinforcement was assigned 
to each of these blocks. The sequence of presentation 
of the reinforcement conditions for each animal was 
randomly determined with the one restriction that the 
initial condition was never 0 per cent. Raisins were used 
as the food reward, and a trial was terminated if the 
animal failed to respond within 20 sec. 

Preliminary training. The preliminary training 
regimen required that the animals displace a single 
object on a one-hole tray within a 10-sec. period for 
95 of 100 trials on three of five successive test da 

Test procedure. Each monkey was brought into the 
Apparatus room from the living quarters in a small 
transport cage. After being placed in the restraining 
cage, the animal was given four or five pieces of food, 
and testing began. The forward screen was lowered, 
and the block was placed over the empty or rewarded 
food well. The one-way-vision screen was lowered and 
the opaque screen raised, and the tray moved forward 
Within the animal’s reach. After the monkey displaced 
the block and took the food reward, if present, the 
tray was withdrawn, and the opaque screen was low- 
cred. The Æ recorded the latency of the response and 
Prepared the tray for the next trial. 
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Results 


The mean latencies plotted as a function of 
the 11 conditions of reinforcement are pre- 
sented in Figure 1. A log transformation was 
performed on the data to normalize the dis- 
tribution, and a constant of 2.0 was added to 
eliminate negative log values. 

The tests of significance by the analysis of 
variance technique are summarized in Table 
1. The sources of Reinforcement Conditions, 
Animals, and Blocks within Days are signifi- 
cant at the .01 level of confidence. The means 
for the reinforcement conditions of 0, 10, and 
90 per cent were found to differ significantly 
from the remaining means when the difference 
between means was analyzed by Tukey’s (9) 
gap test. None of the means for the remaining 
percentages of reinforcement was significantly 
different from any other. The level of signifi- 
cance for the gap test was the / value for the 
.05 level of confidence. 

In Figure 2 mean log latency is plotted as 
a function of blocks of trials. The mean log 
latency changes from 1.6715 for block 1 to 
2.0278 for block 5. The test of significance of 
this variable presented in Table 1 shows that 
this over-all change in latency is significant at 
the .01 level when the Days X Blocks in- 
teraction is used as the error term. 


ST II 


EXPERIM 


Method 


Subjects. Eleven experimentally naive rhesus mon- 
keys (no. 211, 212, 213, 214, 2 216, 217, 218, 219, 
220, and 221) were used in this experiment. The adapta- 


TABLE 1 


Sources 


Reinforcement Conditions 
Conditions X Days X Blocks 


; Animals — 
Animals x Conditions X Days X Blocks 
Days within Conditions 

Days X Blocks 
Blocks within Days 
Days X Blocks 


ate Significant Interactions 


Main Effects Tested over Appropri t Interactions | 


dj | quare F 
-10. 289.00* 
160 


138.00* 


4 0.70 
- 6.36* 
16 0.11 5.36 
4 | 9.11 
E 82.8* 
16 0.11 


Significant at .01 confidence level. 
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Fic, 2. Performance as a function of blocks of trials 
within days. 


tion and taming experience of all 
to that reported in the preceding 
Apparatus and procedure. The 
trial procedures were identical wit 
the preceding experiment. 
Experimental design. 


animals was similar 
experiment. 

apparatus and test 
h those described in 


Six conditions of fixed-ratio 
random reinforcement were utilized, ranging from 5 to 
30 per cent in 5 per cent increments. Each animal was 
tested on a given condition 60 trials a day for four 
consecutive days, The daily run of 60 trials was sub- 
divided into three blocks of 20 trials each, and the pre- 
determined frequency vas assigned 
in each of these blocks in the same manner as described 
for Experiment I. All animals were tested under all 
conditions of reinforcement, and the sequence of condi- 

randomly determined for each animal. 
Raisins were used as the food reward and a trial was 
terminated if the animal failed to respond within 20 


of reinforcement y 
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i ancy of re 
Fic. 3. Performance as a function of frequency of 
inforcement. 


Results 


The mean latencies plotted as a function d 
the six conditions of reinforcement are pre 
sented in Figure 3. A log transformation v t 
performed on the data to normalize the wp 
bution, and a constant of 2.0 was added í 
eliminate negative log values. Examination M 
the figure reveals that the mean log send 
ranges from 2.85 for the 5 per cent conditio 
to 2.50 for the 20 per cent reinforcement MS 
From 20 per cent to 30 per cent little chang 
in performance is apparent. . is 

A summary of the analysis of variance : 
presented in Table 2. The main effects si 
Reinforcement Conditions, Animals, i 
Blocks within Days were found to be A 
tistically significant at the .01 level of co! 
fidence. 3 

The analysis of the difference between a 
by Tukey's gap test (9) revealed that n 
reinforcement conditions of 5 and 10 per e 
could be separated off as a group. The mea 


TABLE 2 


sec, 
Main Effects Tested over Appropriate 
Sources 
Reinforcement Conditions 


Conditions x Days X Blocks 


Animals 
Animals X Conditions X Days x Blocks 
Days within Conditions 
Days X Blocks 
Blocks within Days 
Days X Blocks 


* Significant at 01 confidence leve] 


Significant Interactions 


dj 


Mean Square F 
5 3.85 192.5* 
30 0.02 
10 7.08 
300 0.002 
3 0.04 | 1.00 
6 0.04 ` 
2 
6 i imi 
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i Fic. 4. Performance as a function of blocks of trials 
within days. 


for 15 per cent was separated off from all 
other conditions and the means for the re- 
maining conditions of 20, 25, and 30 per cent 
were separated off as a homogeneous group. 
The level of significance for the gap test was 
the / value for the .05 confidence level. 

In Figure 4 mean log latency is plotted as a 
function of blocks of trials, and it may be 
noted that the latency changes from 2.52 for 
block 1 to 2.72 for block 3, a statistically 
significant change. 


DISCUSSION 


The data of the initial experiment indicate 
that a sharp transition in performance occurs 
at or around the 20 per cent frequency of re- 
inforcement. These findings are corroborated 
by those of the second study, which was con- 
ducted to determine more precisely the por- 
lion of the function near the transition point. 
These results are in essential agreement with 
those of Brogden (1), and differ markedly 
from those obtained for acquisition and ex- 
tinction as a function of various ratios of re- 
inforcement. . 

Meyer! has found that monkeys can dis- 
criminate between a proportional reinforce- 
ment schedule of 60:40 per cent, selecting the 
Object reinforced 60 per cent of the time in 
Preference to the object reinforced 40 per cent 
Of the time. Performance changes markedly, 
however, when proportional reinforcements 
Closer than 60:40 per cent are used, and the 


* Meyer, D. R. Personal communication. 
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animals give less clear-cut demonstration of 
such discrimination. 

Collectively, these data suggest that some 
point close to 20 per cent reinforcement repre- 
sents a threshold value for maintenance of 
optimal performance. Little, if any, increase 
in level of performance is obtained with more 
frequent reinforcement; whereas, with less 
frequent reinforcement performance deteri- 
orates rapidly. 

The drop in latency at 90 per cent may have 
resulted from a sampling error in the random 
sequence selections for each animal, since this 
reinforcement condition occurred seven times 
in the first half of the experiment in contrast 
to the next highest frequency of occurrence of 
five times for the 50 per cent reinforcement 
condition. 

The finding of a significant change in the 
Blocks within Days effect suggests that 
satiation, work decrement, or some unde- 
termined process impairs performance within 
a test day. This process is not normally ap- 
parent when such measures of performance as 
frequency of correct responses are used, al- 
though the amount of reward and number of 
trials may be the same (3). 

Brogden (2) has reported a study in which 
the conditioned flexion response of dogs was 
reconditioned after extinction by presenting 
the unconditioned stimulus at some locus 
other than that used in the initial stages of 
conditioning. No significant differences were 
found in the number of test periods needed 
to recondition to the criterion of 100 per cent 
conditioned responses for shock applied to 
the left hind limb, right foreleg, left foreleg 
(control group), or right thorax. The func- 
tional equivalence of shock at loci other than 
the left forelimb in reconditioning and main- 
taining left forelimb flexion was designated 
incentive generalization. 

The results of the present study provide 
another example of the Brogden incentive 
generalization function. In these experiments 
the stimulus was changed along a dimension 
of frequency, whereas in the Brogden study 
the stimulus was changed along a spatial 
dimension. As the frequency of the reward 
decreases, the response level remains es- 
sentially the same until a critical point located 
below 20 per cent is reached, at which point 
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the latency begins to increase rapidly. Col- 
lectively, the data might be thought of as 
suggestive of the lower limits of reinforcement 
necessary for maintenance of optimal per- 
formance of a simple instrumental condi- 
tioned response. 


SUMMARY 


The effects of fixed-ratio random rein- 
forcement on the latency of an object-dis- 
placing response were studied using rhesus 
monkeys as Ss. In the initial experiment 
latency of response was determined for each 
of 11 conditions of reinforcement ranging from 
0 to 100 per cent in 10 per cent increments, 
The function obtained by plotting mean log 
latency of response against percentage of 
reinforcement indicated that latency decreased 
rapidly as frequency of reinforcement increased 
to 20 per cent but that the function remained 
at essentially the same level from 20 to 100 
per cent with the one exception that at 90 
per cent a significant drop in latency occurred, 
Significant differences were obtained among 
the blocks of trials within test days and also 
among the animals used in the experiment. 

The second experiment was designed to lo- 
cate more precisely the point of inflection 
found in the latency function of the first ex- 
periment by Studying the effects on response 
latency of six reinforcement 
from 5 to 30 per cent in 5 per c 
No significant differences were 
5 and 10 per cent or 20, 
but between 10 and 20 per cent the latency 
decreased rapidly and significantly as the 
frequency of reinforcement increased, Signifi- 
cant differences were found between blocks 
of trials within days and also between animals 
as in the first experiment. 


ratios ranging 
ent increments, 
found between 
25, and 30 per cent, 


The results of the two experiments con- 
stitute a demonstration of an incentive gen- 
eralization function obtained when frequency 
of reinforcement is experimentally manipu- 
lated. The reinforcement function remains at 
essentially the same level as the degree of 
similarity of the reinforcement pattern de- 
creases to the 20 per cent ratio, where a 
gradient becomes manifest with latency in- 
creasing markedly as frequency of reinforce- 
ment decreases. 
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THE EFFECTS OF REPEATED DEPRIVATION EXPERIENCE ON 
FEEDING BEHAVIOR! 


ROBERT A. BAKER? 


Stanford University 


For most animals it is generally assumed that 
the amount of food ingested and the rate of 
eating are simple functions of the time and 
amount of food deprivation (5, 8, 9). In view 
of the practical and theoretical importance of 
this premise it is somewhat surprising to find 
this assumption has little empirical or experi- 
mental support. Several recent findings (3, 4, 7) 
Suggest that prior feeding experience is as 
important a regulator of the amount and rate 
of intake as any momentary depletion of the 
nutrient reserve. In addition, Keys el al. (6) 
have called attention to the fact that most ani- 
mal studies of food deprivation have been 
short-term investigations concerned either 
With acute starvation or with specific dietary 
deficiencies. As far as the author is aware, no 
Systematic, longitudinal study of the food- 
deprived albino rat has been undertaken. 

, Accordingly, this experiment sought to fur- 
nish empirical answers to the following ques- 
tons: (a) When the albino rat undergoes 
Tepeated deprivation, to what extent does the 
àmount and rate of food consumption reflect 
the amount of deprivation and the consequent 
Physiological need? (b) Does the animal change 
or adjust its feeding behavior when food dep- 
tivation is systematically repeated? 


METHOD 


fios he Ss were 64 experimentally naive, albino rais 
de a the colony maintained by the Stanford psychology 
t Partment. Their ages ranged from 60 to 90 days at 
© start of the experiment. Initially, the experiment 
dene with only 50 animals. While. adjusting to the 
eprivation schedules, 14 of the original group suc- 
tiet. New Ss of the same age, sex, and prior adapta- 
n training were then substituted. g 
The original group of 50 Ss was divided into five 
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groups of ten animals, with the groups equated as to 
age, sex, and weight. The Ss were housed in individual 
living cages with social cues eliminated. Each cage was 
fitted with a detachable food box at one end and a water 
bottle at the other. A hinged, aluminum door, opening 
from the inside of the cage, allowed entrance to the food 
box. Lever-arm microswitches mounted above each 
door closed a circuit at each opening. The food boxes 
were set slightly below the floor level of the cage so that 
the rat had to withdraw from the food box before eat- 
ing. Food consisted of Purina Dog Chow so processed 
that ten pellets of standard size weighed 1 gm. 

Records of the feeding behavior were made by an 
Esterline-Angus ink recorder so situated as to make the 
sound of its operation negligible. Samples of four 24-hr. 
records from each experimental group were obtained 
daily, and individual sampling from each group was 
systematically varied each day. 

The experiment was conducted in a large room in 
which uniform illumination was maintained both day 
and night for the entire course of the experiment. Low 
temperatures were prevented by electric heaters ther- 
mostatically regulated to maintain a minimal room 
temperature of 80* F. 

On the initial day each S was placed in an individual 
living cage and provided with water and 30 gm. of 
Purina Chow in the prepared form. The hinged door of 
each cage was raised and fixed, allowing 5 unobstructed 
access to the food. In this experimental arrangement, 
the Ss were able to procure and eat only one pellet at a 
time. Since the wire mesh of the floor of the cage was 
larger than the pellets, hoarding was prevented. If it 
dropped a pellet, S could not retrieve it. This necessi- 
tated the placing of small pans beneath the cage floors 
in order to determine the number of unconsumed pellets. 

After four days of this adaptation, the hinged doors 
were lowered and the Ss were required to push open 
the door in order to feed. These conditions were main- 
tained for ten days. During this period food and water 
were administered ad libitum. 

Following the adaptation period, ten Ss were ran- 
domly assigned to each of five groups. Four groups were 
placed on 12-hr., 24-hr., 36-hr., and random ( the 
Ss were deprived for either 12, 24, or 36 hr. with the 
deprivation periods altered in random fashion from day 
to day) periods of deprivation. The fifth group, serving 
as a control, was fed ad libitum throughout the course 


of the experiment. 
After the appropriate period of deprivation, the Ss 


of each of the four deprivation groups were given 20 
gm. (200 pellets) of the prepared Purina. At each feed- 
ing the 12-hr. group was permitted to eat for 40 min.; 
the 24-hr. group, for 80 min.; the 36-hr. group, for 120 
min.; and the randomly deprived group, for a period 
equivalent to 40 min. for each 12 hr. of deprivation. 
These deprivation and feeding schedules were main- 
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tained for a total of 40 days. During this period water 
was administered ad libitum. 

"Throughout the adaptation and experimental periods 
measures were taken daily of the amount of food con- 
sumed and of changes in body weight. Food for each 
5 was weighed prior to each feeding and again after the 
remains and spillage had been collected at the end of 
the feeding period. Rate of consumption and activity 
evinced toward the food box were measured by means 
of the Esterline-Angus records. Four Ss from each of 
the five groups were recorded daily. Different Ss were 
measured each day, and each S was measured equally 
often throughout the experiment. 

During ad libitum feeding a feeding session was ar- 
bitrarily defined as follows: If at least three openings 
occurred, separated by no more than 5 min. between 
openings, a feeding was scored. If at least 15 min. 
elapsed between a group of three or more openings, two 
feeding periods were scored. 


RESULTS 


On the day prior to the introduction of the 
deprivation schedules the average weight of 
the 50 animals was 133.8 


gm. During the next 
40 days, the ad libitum 


n average of 12 
d days of deprivation 
training but slowly gained until they each 


the fortieth day. The 
36-hr. and the random ø 


experimental period 
tained at this 


During the last ten day: 


3 S of the adaptation 
period, when 


all animals were on ad libitum 
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TABLE 1 
Comparison of the Deprivation Groups for the 40-Day 
Experimental Period 


Food Intake in Grams Time | RA 

Group = ~ Eating | Eating 
in Min. | Pellet 

Session Per Day Per Session] Per Min. 

Ad Libitum (1.62) | 12.92 (1.1) | (1.83) 
12-hr. 3.91 7.83 82.3 | 1,98 
24-hr. 6.53 6.53 63.7 1.08 
36-hr. 5.87 3.91 84.3 .85 
Random 65.2 | 112 
12-hr. 5.74 32.4 1.19 
24-hr. 4.90 | 5.27 | 70.1 | 1.18 
36-hr. 5.18 93.2 .98 


Note.— These data are based on the kymograph records for 
various s s of four animals from each group 
corded daily. See text for the definition of a feedin, 
the case of the ad libitum group. 


feeding, no statistically significant differences 
in food consumption for the five groups were 
found. The animals averaged 11.9 gm. daily. 
A comparison of the mean number of feeding 
sessions per 24 hr., as well as the mean amount 
consumed each feeding session, also failed t0 
reveal any statistically Significant differences 
between groups. 

Although it was initially assumed that the 
Ss would feed in a cyclical fashion, no feeding 
thythms were in evidence during the adapt 
tion period. Aperiodic feeding characterized a! 
individual Ss in all of the groups. This aper 
odicity has been discussed in detail elsewhere 
(1). Further substantiation of the aperiodic 
nature of feeding behavior was obtained from 
the behavior of the ad libitum group during 
the experimental period. No evidence fo" 
rhythmicity in feeding or for the gradua 
development of feeding cycles was obtained: 

With the introduction of the deprivatio? 
Schedules, a eradual change in eating behavio' 
was observed for all groups during the first t€" 
days. During this period all the experiment? 
&roups gradually increased the average amou » 
of food consumed at each feeding session” 
These trends are shown in Figure 1. During 
the last 30 days, following the stabilization ? 
food intake, the Ss of the 24-hr. group average 
the highest intake Der session. They were fo 
lowed, in order, by the 36-hr., the random, 2" 
the 12-hr, SrOUps. The mean values for ê 
ETOUDS are shown in Table 1. While the mea? 
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E 
9703345678 910 I5 1620 225 26-30 33 36-40 
pays 
Fic, 2. Average elapsed time in minutes when feed- 


Ing ceased. This was measured from the moment food 
Was made available to the time at which the animal 
made no further returns to the food box. The data are 
based on the records of the sample of four animals 
from cach group that was recorded on a given day. 
The data for the 12-hr. groups are an average of two 
feedings, 


Value for the ad libitum group is also included, 
!t should be noted that for this group a feeding 
Session was defined on a different basis. Thus 
the results for this group are not strictly com- 
Parable to the others. 

An analysis of variance (2) based on the 
Means of the four experimental groups indi- 
Cated the differences were significant well be- 
yond the .01 level. A comparison of the average 
amounts consumed by the random group fol- 
lowing the various deprivation intervals, how- 
Ever, revealed the greatest consumption after 

2 hr. and the least after 24 hr. of deprivation. 
An anal of variance based on these three 
Means indicated that the differences were only 
Significant between the .05 and .10 levels. 
When the amount consumed per day, rather 
than per session, is considered, it is apparent 
from Table 1 that a perfect negative correla- 
tion between the length of deprivation and the 
lake existed for the experimental groups. 

Corresponding to the changes in intake at 
each session, Figure 2 indicates there were also 


changes in the amount of time spent in feeding. 

he elapsed time spent in eating was measured 
rom the moment food was made available to 
the animal to the point in the session where 
Urther return to the food box was indicated 


no 


)y the k 
Y the kymograph record. 
During the first few days of the experimental 


period, most of the animals in the 12-hr. group 
ate during the entire 40 min. that food was 
available. For the remainder of the 40 days, 
however, the average time spent in feeding 
gradually decreased. By the end of this period 
no animal spent all the available time in feed- 
ing. In the early stages of the deprivation 
training the Ss of the 24-hr. group ate for only 
half of the 80 min. provided. As the depriva- 
tion was repeated, however, the time spent in 
feeding increased until the majority of the Ss 
ate for the entire period during the last 20 days 
of the experiment. The behavior of the animals 
in the 36-hr. group, as indicated by this meas- 
ure, exhibited large variations from session to 
session. Nevertheless, a tendency for the Ss to 
increase their eating time gradually during the 
first 20 days and then to decrease it was indi- 
cated. With the exception of one or two sessions 
in the middle of the experimental period, 
animals in this group rarely spent the entire 
120 min. in eating, or in opening the food boxes. 
While not apparent from the limited data 
given in Figure 2, the three trends mentioned 
above were also noted in the random group for 
the various deprivation intervals. The mean 
time spent in eating, averaged over the entire 
40-day period, is shown for each group in 
Table 1. 

In order to show the relationship between 
the amount consumed and the time spent in 
eating, the rate of food intake was defined as 
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DAYS 
Fic. 3. Average rate of eating during the depriva- 
tion training period. The rate was defined as the total 
number of pellets eaten in a session divided by the 
elapsed time when feeding ceased. The data for the 12- 
hr. group are an average of two feedings. 
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the number of pellets eaten per session divided 
by the total time spent in feeding. Total feed- 
ing lime was regarded as the number of minutes 
elapsing between the onset of feeding and the 
lime after which the animal failed to return to 
the food box. This rate was computed sepa- 
rately for each animal and the individual rates 
averaged to produce the curves in Figure 3. 
Since a feeding session for the ad libitum group 
was defined differently, it should be noted 
their rate measures are not strictly comparable 
to the others. The mean rate of consumption 
over the 40-day period for each group is shown 
in Table 1. The perfect negative correlation be- 
tween the length of deprivation and the rate 
for .the 12-, 24-, and 36-hr. groups is readily 
apparent. An analysis of variance performed 
on the rate differences between these three 
means indicated the differences lo be signifi- 
cant well beyond the .01 level. The fact that 
the animals ate only a moderate amount each 
session and consumed ii rather slowly was 
responsible for the low-rate value for the 36-hr. 
group. For the 12-hr, group, the relatively high 
rate resulted from the food being consumed in 
à rapid fashion. In the random group the same 
negative relationship between deprivation time 
and rate was found. The difference between 
the 12- and 24-hr. intervals, however, was not 
as marked. 

While it was originally assumed that the 
amount of activity displayed toward the food 
boxes between feedings would parallel the 
length of the deprivation interval, no such re- 
lationship was found. Although no statistically 
significant differences were 
initial stages of training the 24-hr, group aver- 
aged more such activity than the other groups. 
For all groups a general reduction in this ac- 


tivity occurred as the deprivation experience 
was continued. 


obtained, in the 


DISCUSSION 
From these data it 


This is most 
total intake per 
1 of the four ex- 
is also apparent in the 
pent in eating per feed- 
his latter increase is not 


apparent in 
feeding period shown by eacl 


increase in total time s 
ing period. Although t 


Shown by the 12-hr. group, it may well be 
because food was available for only 40 min. at 
a time. The existence of such marked changes 
in feeding behavior would seem to have several 
implications for motivational theory. First, 
any attempt to establish a simple pc 
between length of deprivation and strength 0 
drive, where drive is measured by feeding be- 
havior, would hold only for animals already 
adapted to a definite feeding rhythm. | 
Second, the fact that all the experimenta 
animals, other than those of the 36-hr. group: 
doubled their intake per session during the 
first ten days of deprivation raises the question 
of why the animals stopped eating so soon 
during the first few deprivation periods. re 
more orthodox conceptions of “ph La xpi 
need" seem rather inadequate when it is Td 
ized that Ss of the 12- and 24-hr. groups showet 
no loss of weight after the third day. Their 1n 
take, however, continued to increase. On the 
other hand, Ss of the random and 36-hr. group 
continued to lose weight until the eighteen? 
day, approximately at the point of their max! 
mum intake. Nevertheless, for the 36-hr. group 
the actual increase in average intake duimp 
this period was relatively small when compares 
with the amount consumed by the rend 
group. The mere fact that the groups doublet 
their intake during the first ten days, despit? 
some weight loss, should also be noted. he 
fact makes rather improbable any assumpti 
that the initial inhibition of eating was due » 
any physical limitation Such as stomach capat 
ity. Instead, the behavior changes in rate ane 
feeding time observed to accompany the n 
creased consumption suggest that the init, 
inhibition of eating was due to previous habi 
established during ad libitum feeding. T hes 
habits had to be modified before the anima 
could show any compensatory eating. wr 
would normally expect such a process t0 a 
relatively slow and continuous. Even if p 
interpretation Were correct, the failure of ur 
animals to show complete compensation m 
mains to be explained. None of the anima 
returned to the pre-experimental level of pi 
take even though food was available to ine 
lor longer periods than they actually spent ! 
eating. m 
Although the 12- and the 24-hr. groups ha z 
similar weight curves, the 12-hr. group ? 
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Significantly more per day than the 24-hr. 
group. Similarly, the weight curves for the 
36-hr and the random groups were almost 
identical throughout the 40 days. The random 
group, however, ate significantly more per day 
on the average than did the 36-hr. group. These 
comparisons, revealing differential daily intake 
' spite of similar changes in weight, suggest 
that (a) the type of scheduling of the eating 
Periods results in differential efficiency in the 
digestion and use of the food material, or (b) 
along with the changes in eating behavior there 
are corresponding changes in the expenditure 
of energy through activity, heat loss, and the 
like. Some evidence (7) exists to favor the latter 
Alternative, If such changes do occur, then 
Complete compensatory eating is not to be ex- 
pected since changes in the expenditure of 
energy will reduce the demand for food. 
Irrespective of the deprivation schedule im- 
Posed, all the experimental animals had access 
to food for the same amount of time each day. 
“‘€vertheless, a perfect negative correlation 
tween the mean intake of food per day and 
the length of the deprivation interval was 
amg, This relationship is somewhat compli- 
a by the differential weight loss of the 
A group, as compared with the 12- and 
T. groups. In the case of the latter groups, 
eee, with exactly the same weight curves 
, TOughout the experiment, the 12-hr. group 
ate Significantly more per day than did the 
of E group. The relationship between length 
Wied pone and intake is further compli- 
a 3y the behavior of the random group. 
ie E animals only minor fluctuations in 
feta from day to day were correlated with 
. ‘€ngth of the preceding deprivation period. 
sess; theless, their average intake per fasting 
es ĉn Nas greatest after 12 hr. of deprivation, 
asi! greatest after 36 hr., and least after 24 hr. 
isl à very different order from that d 
m for the three experimental group rhe 
lion sa deprivation schedule. piene Ty 
exists ore were continued, the n emm 
at intake per session woulc i 
independent of the length of the im- 
*ly preceding deprivation interval. If 
Studies support this possibility, 
evidence would be afforded for the 
€sis that any relationship between dep- 
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rivation interval and intake is found only when 
a definite feeding rhythm is well established. 

Because of the arbitrary definition of a feed- 
ing session, interpretations of the data on rate 
of eating are seriously limited. These data, 
however, suggest at least one interesting be- 
havioral contrast. It was noted that the ad 
libitum animals ate small amounts at frequent 
intervals. All their feeding, however, occurred 
at a relatively high rate. When increasing 
lengths of deprivation were imposed on the 
other Ss, the average daily intake decreased 
but the length of time spent in eating increased. 
For the 36- and 24-hr. groups a marked reduc- 
tion in rate of food intake was noted. This 
behavior is remarkably similar to the beha vior 
of human Ss noted by Keys ef al. (6). They 
reported that semistarved men would dawdle 
for two hours or more over meals they pre- 
viously had consumed in 20 min. 


SUMMARY 


Changes in the feeding behavior of animals 
placed on various deprivation schedules were 
measured over a 40-day interval. Five groups 
of rats, ten animals to a group, were used. 
Three groups were placed on either a 12-, 24-, 
or 36-hr. deprivation cycle; the fourth, the 
random group, experienced all three depriva- 
tion intervals but in random order; the fifth 
group served as a control and was fed ad libi- 
tum. Measures were taken of the food intake, 
time spent in eating, activity shown toward 
the food container during deprivation intervals, 
and body weight. The results were as follov 

1. During the first 10 days a relatively slow 
adaptation to the deprivation schedule was 
shown by all the experimental groups. With 
the exception of the 36-hr. Ss, all the experi- 
mental groups doubled their intake per feeding 
during the first ten days. With the exception of 
the 12-hr. group, all the experimental groups 
spent more time each session in eating. For the 
experimental groups, however, no consistent 
relationship between the amount eaten and 
the time spent in feeding was noted. 

2. In terms of daily intake of food, there was 
a perfect negative correlation between length 
of deprivation and food consumption. This 
lationship was also noted for the various 
ivation intervals in the random group. 


re 
depr 
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This could not be accounted for in terms of 
differential weight loss. 

The results suggest that (a) any direct rela- 
tion between the length of a deprivation inter- 
val and feeding behavior is largely the result of 
having previously established a definite feeding 
rhythm, and (b) the adjustment to any im- 
posed feeding schedule is accompanied by a 
radical modification of past eating habits and 
of behaviors controlling energy expenditure. 
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INTAKE AND WEIGHT ADJUSTMENTS IN RATS TO CHANGES 
IN FEEDING SCHEDULE! 


DOUGLAS H. LAWRENCE axp WILLIAM A. MASON 


Stanford University 


A common technique in the study of hunger- 
motivated behavior in animals is to place them 
on deprivation schedules with food available 
for only a limited time each day. Frequently 
in such studies the deprivation interval is 
lengthened or shortened at some critical test 
phase of the experiment. It has been noted that 
Ss’ adjustment to these shifts in schedule is 
relatively slow as indicated by changes in daily 
food intake (2, 3). This has led to the sugges- 
ton that part of this adjustment depends upon 
learning; the sudden shift in deprivation time 
brings into play internal and external cues that 
have not previously been associated with 
ating behavior (1, 2, 4). One implication of 
this hypothesis is that with repeated experi- 
ence with these shifts in deprivation time, the 
adjustment period should decrease as the result 
of transfer. There appears, however, to be 
s atively little systematic data concerning the 
@pidity of these adjustments, their influence 
on food-seeking behavior, or on changes in 
rate of these adjustments with repeated ex- 
Perience of this type. 

In conjunction with another study, the pres- 
ent authors had occasion to place a group of 34 

Pino rats on a 22-hr. deprivation schedule 
E à period of 61 days during which systematic 
„ccords of food intake and weight were made. 
Sis 2 were then returned to a free-feeding 
p dule for two weeks and then once again 

aced on a 22-hr. deprivation schedule. Two 
ngs were noted from the intake records: (a) 
>S not only showed the usual relatively slow 
Adjustment to the deprivation schedule but 
SO a tendency to “overeat” when returned to 
le freé-feeding schedule. Finger and Reid (3) 
st hin this tendency. (b) There was some 

ation that the second adjustment to the 
than debrivation schedule was more e 
hypott € first. This was in keeping eile he 
ag that learning played a part in these 
Subs, ments. With these tendencies in mind, 
groups of the Ss were continued on suc- 
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cessive periods of 22-hr. deprivation with inter- 
vening periods of free feeding until they had 
completed five such cycles of deprivation and 
recovery. This paper summarizes the results in 
terms of daily intake and weight changes. 


METHOD 


The Ss were 34 albino rats, half of which were males 
and half females, between 60 and 90 days of age at the 
beginning of the study. They were adapted for a two- 
week period to individual living cages in a room where 
the minimum temperature was set at 76° F. During 
this period water and food were continuously available. 
The food throughout the study consisted of small-sized 
“Friskies.” All Ss were then placed on 22-hr. depriva- 
tion schedule for 61 days, returned to free feeding for 
14 days, and then again placed on a 22-hr. deprivation 
schedule for 14 days. During the first deprivation in- 
terval, daily intake records were made, with allowance 
for spillage, and Ss weighed once a week. Starting with 
the first day of the recovery or free-feeding period and 
for the remainder of the study, daily intake records 
were made and Ss weighed every other day. These 
records were made at the same time each day through- 


out the study. 
At the end of the second 22-hr. deprivation period, 


day 88, Ss were divided into three groups equalized on 
the basis of average weight and intake for the previous 
week, The nine Ss in group A were placed on ad libitum 
feeding, with food continuously available for the re- 
mainder of the study. The 17 Ss in group B were placed 
on ad libitum feeding for 14 days, returned to a 22-hr. 
deprivation schedule for 14 days, and so on, until they 
had completed an additional 7 of these two-week peri- 
ods. The eight Ss in group C continued on the 22-hr. 
deprivation schedule for 12 additional weeks and then 
on day 172 were shifted to ad libitum feeding for the 
remaining two weeks. These relationships of ad libitum 
feeding and deprivation schedules are best shown in 
Figure 2. 
RESULTS 


The food intake curves during the 22-hr. 
deprivation periods are shown in the left panel 
of Figure 1. Curve 1 is based on records of all 
34 Ss in their first deprivation period (days 0 
10 13); curve 2 on all 34 Ss in their second dep- 
rivation period (days 74 to 88). Curves 3, 4, 
and 5 are based on the three successive 22-hr. 
deprivation periods of group B which occurred 
on days 102 to 116, 130 to 14, and 158 to 172, 
respectively. On the day prior to the first dep- 
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22-hr. deprivation schedule, 
of 14 days each when they y 


aily food int 
The right panel 


tivation experience Ss’ food intake averaged 
18.6 gm. It is apparent that in each instance 
there is a marked reduction on the first d 
deprivation, with only a gradual increase over 
the next five to seven days to an asymptote. 
During the deprivation periods of group B, 
represented by curves 3, 4, and 5, Ss in group 
C, which were also on a 22-hr, deprivation 
schedule, averaged between 10 and 12 gm. per 
day. There is a suggestion that the first adjust- 
ment to this deprivation Schedule, curve d 
occurred more slowly than later ones. However, 


there is no apparent differentiation between 
the remaining 


g four curves. The depression of 
curve 5 is Probably due to the fact that during 
this time the room temperature rose above 
90° on several days just about the time Ss were 
feeding. 

The right panel of Fig 
ment to the ad lib, 
is based on the first 


ay of 


ure 1 shows Ss’ adjust- 
feeding Situation. Curve 1 
recovery period for all 34 
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days each when Ss were rios 
food intake of the same Ss for five successive p 
g situation. 


sive 
Ss; the remaining curves are the four x 5 
recovery periods for the 17 Ssof group B. / 
ing the successive periods represented, 
Curves 3, 4, and 5, the Ss of group A, W 
were also on ad libitum feeding, averaged ^. 
tween 17 and 18.5 gm. per day. By sanie 
it is apparent that there is a marked tenden 
for Ss to “overeat” for the first five va Fon 
days when returned to the ad lib. gait 
after a period of deprivation experience. ; hest 
there is a Suggestion that the first of ker 
adjust.nents during a recovery period occu ety 
Somewhat more slowly than in later reco" 3 
periods, but 
marked. 
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h e food intake for group B, under both dep- 

epe" and ad libitum conditions, tends to 
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Ponding oup has reached that of the corres- 
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DISCUSSION AND SUMMARY 


sane Study has recorded the adjustments in 
Intake and weight that occurred when 
Oups of 34 albino rats were repeatedly 
lon ma ad lib. feeding to a 22-hr. depriva- 
Cate ar and conversely. The results indi- 
ibitum f when these Ss are shifted from the ad 
e, Den to the 22-hr. deprivation sched- 
Which S 'S a seven- to ten-day period during 
A leanwhik gradually increase their intake. 
XS are hin their weight decreases. W hen these 
urned to ad libitum feeding, there 1s 
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on the average weight for all 34 Ss. During the first 60 
second day. Conse- 


10 120 


a comparable period of readjustment during 
which they “overeat” with a gradual decrease 
in intake to a new level. There is a correspond- 
ing acceleration in their weight. 

These data also suggest that the first of 
these adjustments, either from the ad libitum 
to the deprivation condition or conversely, 
occurs more slowly than do later ones. This 
tends to be in keeping with the hypothesis that 
these adjustments represent in part a period of 
learning to eat in response to the changed inter- 
nal and external cues. However, there is no clear 
evidence that this increase in the rate of adjust- 
ment continues with repeated experiences of 
this type. But asa test of the learning hypoth- 
esis, these data are contaminated by the fact 
that Ss were continually increasing in average 
weight. If the rate of adjustment is a joint 
function of physiological factors, such as those 
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mirrored by changes in weight, and learning, experience on feeding behavior. J. comp. physiol. 
the influence of the latter would be obscured 


Psychol., 1955, 48, 37-42. 
by the progressive change in weight 3. Fixcer, F. W., & REID, L. S. The effect of water 


deprivation and subsequent satiation upon general 
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THE EFFECT OF ADRENOCORTICOTROPHIC HORMONE (ACTH) ON 
AVOIDANCE CONDITIONING IN THE RAT! 


J. V. MURPHY AND R. E. MILLER? 
Department of Clinical Science, University of Pittsburgh School of Medicine 


The various changes in mood and behavior 
that may occur in patients treated with ad- 
renocorticotrophic hormone (1, 6) have made 
Mt pertinent to assess the effect of exogenous 
ACTH on behavior motivated by noxious 
Stimulation, That some effect of ACTH on 
avoidance conditioning does occur is revealed 
in studies discussed by Mirsky, Miller, and 
Stein (5), 

In avoidance conditioning the animal must 
respond appropriately to the conditioned 
Stimulus in order to prevent the occurrence of 
the painful unconditioned stimulus. Conse- 
quently, it may be postulated that any modi- 
fication of the response to a noxious stimulus 
vould be reflected in avoidance conditioning. 


T METHOD 
Subjects 


V EET male Wistar rats 100 to 120 days old 

suppl sae The Ss were maintained on an ad libitum 

The + of food and water throughout the experiment. 

me animals were randomly assigned to the experi- 
ntal conditions. 


-l pparatus 


€. tests were conducted in a two-compartment ap- 
in. hi ch The unit was 23 in. long, 7 in. wide, and 9 
diamig, à Jin. barrier of stainless steel bars !s in. in 
Thertg ji 2 in. apart, separated the two compartments. 
preven) mar of the barrier was mounted on bearings to 
rods id perching, ; The floor was a grid of stainless steel 
he ie in size and spacing to those described for 
Wood ani: The two ends and the top were made of 
sl E r painted white inside. One side consisted ofa 
tion was provided by 


two 55 
yo 25. bulbs located behind this translucent glass. 


ade jt " black cloth inserted. between r - 
Stracti possible to observe the animal without the 
ction of movements by Æ 
delay a button switch activa | 
animal xf that automatically delivered 
if it failed to responc 

ies with the animal). Another 
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ted a buzzer and a time- 
a shock to the 
1 (110 v. with 
push- 
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button switch made it possible to terminate the buzzer, 
or buzzer and shock, when the animal performed the 
response. A pilot light connected in parallel with the 
shock circuit made it possible to define the response as 
conditioned or unconditioned. The desired response 
consisted of moving across the barrier to the other com- 
partment. 


Procedure 


After a 2-min. adaptation period, the conditioned 
stimulus was presented. The unconditioned shock 
stimulus was presented after 5 sec. if the animal failed 
to respond to the buzzer. The buzzer, or buzzer and 
shock, were terminated when the animal responded. The 
daily test period consisted of 15 such presentations at 
regular 60-sec. intervals. The animals were run on con- 
secutive days. 

Throughout the conditioning phase, half the animals 
were given a daily subcutaneous injection of 5 mgm. 
of ACTH suspended in a gelatin vehicle. The remain- 
ing animals received equivalent injections of the gelatin 
vehicle. 

After attaining the conditioning criterion, the groups 
were again divided and extinction was started. Half 
the group which had received ACTH was given gelatin 
while the remainder of this group was given ACTH 
throughout extinction. Similarly, half the animals 
conditioned with the control gelatin were given ACTH, 
and the remaining animals were given gelatin during the 
extinction phase (Table 1). The injections were ad- 
ministered approximately 90 min. before the daily test 
period. 

The criterion of conditioning was arbitrarily set at 
the 80 per cent level for one test period with not more 
than one failure to respond in the last ten trials. The 
criterion of extinction was failure to respond at or above 
the 20 per cent level with not more than one response 
in the last ten trials. During extinction the buzzer was 
terminated manually after 5 sec. if the animal failed to 
respond. As is customary, the unconditioned shock 
stimulus was omitted throughout extinction. - 

In an additional experiment 23 male, Wistar rats, 
100 to 120 days old, were used. The above procedure 
was employed except that the animals were injected 
only in the conditioning phase and the criteria of con- 
ditioning and extinction were arbitrarily doubled in an 
attempt to secure more normally distributed extinction 
scores. For example. the criterion of conditioning was 
80 per cent response for two consecutive days with 
not more than one failure to respond in the last ten 
trials of a criterial test period. 


“SULTS 
The 15 animals treated with ACTH re- 
quired 91.0 mean trials to attain the criterion 
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of conditioning as compared with 74.0 mean 
trials for the control animals. This difference, 
as well as the difference between groups in 
number of conditioned responses to criterion, 
was insignificant with the / test. . 

Group extinction data are summarized in 
Table 1. Examination of the data revealed the 
exponential nature of the distribution with a 
piling up of zero responses in extinction. Con- 
sequently, the Festinger test (2), devised speci- 
fically for this type of distribution, was used 
in place of the customary / test in the analysis 
proposed by Lindquist (4, p. 22). A significant 
interaction was found between the four condi- 
lions, Additional analysis indicated that the 
animals treated with ACTH during the con- 
ditioning period responded significantly longer 
(p = .01) in extinction than the animals that 
were given the gelatin vehicle. 
significant. difference between 
ACTH and the gelatin vehicle 
during extinction. 

The factorial design (Table 1) suggested that 
the extinction rate of animals that were con- 
ditioned while receiving ACTH was signifi- 
cantly prolonged over that of animals con- 
ditioned while receiving the gelatin vehicle. 
This suggestion was tested in an additional 
experiment, the data of which are summarized 
in Table 2. It is apparent that no significant 
differences occurred in the conditioning phase. 
Arbitrarily doubling the criterion did not serve 
to normalize the extinction Scores; conse- 
quently, the extinction data were evaluated 
with the Festinger test (2), (There were four 
animals in the ACTH group with zero re- 
Spones in extinction as compared with four 
Such scores in the control group.) The animals 
receiving exogenous ACTH throughout the 


There was no 
the effect -of 
administered 


TABLE 1 


oned Responses in J 
Nonhormone Conditi 


Number of Conditi extinction with 
the Hormone- on Indicated 


Extinction Treatment 


Conditioning 


piditionin ACTH (0 Gelatin 
No. of No. of " 
Animals | Meam | goof | Meni 
ACTH v 16.85 8 16.5 
(N = 15) 
Gelatin 4.5 8 8.89 
(N = 16) 


TABLE 

t € iti " T Trials 
Comparison of Conditioned Responses and Tri 
to Criterion 


Mean Con- 


, Mean Mem |» 

Phase and Group N ditioned ? Trials 
Responses i 

Conditioning i 
Untreated 11 53.18 88 .61 
Treated 12 44.75 .11| 85. | 

Extinction | as 
Untreated 11 27.09 | 84.54 d 
Treated 12 d 


113.42 | 01 | 197,5 


conditioning phase required a longer time i 
extinguish the response. This difference wa 
significant beyond the .01 level. "e 

One animal was arbitrarily terminated oer 
failure to extinguish was encountered afte 
750 trials. Although the data for this anu 
were included in our statistical analysis, + 
group differences were significant beyond t j 
01 level even when this animal was excluded: 


DISCUSSION 

No significant differences in rate of pan 
tion were found which might be attributed i 
ACTH administered during extinction. 1 di 
finding is contrary to preliminary evidence E | 
monkeys discussed by Mirsky, Miller, ve 
Stein (5). Whether this represents a prose 
difference, a species difference, or some al nl 
variable cannot be answered at the prese 
time. "V 

The acquisition of a conditioned avoida" i 
response was found to be unmodified by exoP 
enous ACTH, 
ferences 


! 


There were no significant we 
between control and experimen 
groups in the number of trials to reach ol 
criterion of conditioning, nor in the number 4, 
conditioned responses to the conditioning. al 
terion. Further, there were no gross behav!” 
differences between the animals that E 
ceived the hormone and the control pine 
However, those rats which were treated "ew 
ACTH during conditioning subsequently yan 
linguished in a significantly longer period l 
did the controls. icut 
Additional evidence that the anterior Du 
tary hormone may be important in the fort ew 
tion of conditioned responses is given unt 
Graham (3). He reports a personal comm yt 
cation from Applezweig, who has found in ! 


EFFECT OF ACTH ON CR 


liminary investigations that hypophysecto- 
mized rats were incapable of forming avoidance 
responses in a modified Mowrer-Miller shuttle- 
box. When the hypophysectomized rats were 
treated with ACTH, they showed some evi- 
dence of avoidance learning. 

Although it is tempting to interpret the 
present results in terms of "fear" and possible 
perceptual changes, insufficient data are avail- 
able to justify such an interpretation. 


SUMMARY 


Two experiments were completed in an 
attempt to assess the effect of ACTH on avoid- 
ance conditioning in rats. Although the ad- 
ministration of ACTH during conditioning did 
not affect. the acquisition of the response, it 
did significantly prolong the subsequent ex- 
tinction rate, ` 
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VISUAL PATTERN PERCEPTION IX ILLOWING 


SUBPIAL SLICING AND TANTALUM 


WIRE IMPLANTATIONS IN THE VISUAL CORTEN! 
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California Institute of Technology? 


Important integrative roles l 
ascribed in theory to the tangential intragriseal 
irradiation across the cerebral cortex of excita- 
tory effects in the form of discrete nerve im- 
pulses and mass direct currents. In an earlier 
effort to test the possible importance of tangen- 
tial intracortical conduction, we found that 
multiple subpial knife cuts extending through 
the depth of the Bray matter and placed in 

iss-Cross patterns throughout the 
motor and neighboring cortex of the 
failed to produce any 
motor coordination (10), 
of the exposed striate Cortex in the monkey 
likewise failed to cause any detectable 
ment of function in sim 
ception. The performan 


have been 


sensori- 
monkey 
marked disruption of 
Similar subpial slicing 


impair- 
ple tests of visual per- 
ce of control cases with 
the same cortical area excised proved to be 
sufficiently good, however lo render this 
latter finding indeci ive. Visual perception in 
the monkey has been found to survive 
an electrical short-circuiting of 
portion of the Striate cortex 
gold bands and inserted pins (5), 
No significant function 
conduction either of nerv 


direct current has been revealed in the fore- 
going. However, a final interpretation cannot 
be reached in the absence of further surgical 
controls along with more refined functional 
tests. Definitive experiments with respect to 
vision in particular are needed because many of 
our current concepts of cerebral organization 
are based specific a of visual 
perception (2,3,4, 7,8, 11). Moreover, hypoth- 
eses Concerning the cerebral mechanisms of 
visual pattern Perception constitute at the 
present time the most specific formulations 


available for the Neural correlates of subjective 
experience, 


also 
the exposed 
With overlaid 


al role of transcortical 
re impulses or of gross 


ally on phenomen 
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door holding the 


METHOD 
Apparatus, Subjects, and General Procedure 


Cats, one-half to three-fourths grown at the Er 
were trained to select an equilateral triangle ded 
paired with various ones of the series of ot her Ss in 
triangular patterns of the same dimensions alioa ab 
Figure 1. A darkened disc rimination box was desig 
in which the two stimulus figures were rinebat 
by side, 10 em. apart in two doors at one end of t der by 
The white translucent stimulus figures illuminates ae 
transmitted light from an outside source stood m rder 
tinctly in the dark uncomplicated by frame T aera 
relations. The outer edges of the positive equila ade 
triangle were 7.5 em in length, and the animals Ae " 
their choice at distances ranging from approximate? 
10 to 35 cm. Dy selecting 


zide 
presented sid 


and pushing open the aot 
Positive figure the cats eut 
Y sliding bolt prevented the imr 
door from opening more than 1 em. When an incor 


morsel of food. . 


F 


vet 
Fic. 1. Test i 
paired indivi, 

M 


scale of negative figures pe WEN 
lually with the single positive fas uis 
an equilateral triangle like E4 without ! of Ü 
(sce also Fig, 34, „mina? 
right, top to bottom n 
Series, Pre 


NEN. from 
Training proceeded fror 

: s - s En 
© beginning with the pr 
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choice was made, the cats failed to get food and received 
mild punishment in the form of abrupt withdrawal from 
the box, rough handling, and an occasional light slap. 

_In order to test specifically for possible pattern- 
disturbing effects of the surgical procedures, the nega- 
tive stimulus figures were designed in the form of distor- 
tions or imperfections of the positive figure. For each 
pattern type four figures of increasing difficulty were 
arbitrarily selected to form the 6 series, A to F, of the 
test scale shown in Figure 1. More difficult discrimina- 
tions than those of column 4 were possible, but the 
extra time involved in training and the instability of the 
more liminal discriminations contraindicated their use 
for postoperative testing. 


Training Program 


The regular training schedule involved 20 to 30 trials 
ber day, five to six da per week. Irregularities were 
common, however, owing particularly to suspension of 
training while the cats had respiratory and other infec- 
tions and during interruptions for other experiments. 
As we were not concerned directly with the learning 
Proc or memory capacity as such, considerable in- 
dividual variation was permitted in the training pro- 
Bram, 

The cats were trained to a criterion of 17 correct out 
ot 20 consecutive trials on all the negative figures with 
Which they were to be tested aft surgery. Approxi- 
Mately 50 training days were required on the average to 
Master the complete series A through F. Surgery was 
Postponed until at le 50, and generally many more, 
overtraining trials had been run on cach of the top 
During the overtraining period and in all the 
ative tests, the figures were interchanged at 
"nom in accordance with Gellerman's (1) principles. 

FENG so taken during these t to eliminate the 
USC of accessory cues based on brightness, total fux of 
Eht, odor, sound, or on accidental characteristics of 
dividual stimulus cards or of individual trainers. 


Operas 
Perative Procedure 


i ie Operations were performed aseptically with the 
5 under sodium pentobarbital anesthesia (38 mg. per 
opa pody weight, intra yeritoneal). The skull was 
Conical » lely on each side and across the midline. he 
Heal k cuts were made with subpial knives (10) 
Cutting blades of 1.9 and 2.1 mm. in depth. The 
Mp Wires inserted in the cortex were x M 
and N Sutures of tantalum, B and 5 gauge eS 
appro 9. 33. Tantalum, with an electrical tm doe 
Reng ly one-seventh that of copper, w cim 
made i m its extreme biological inertness. No effort N as 
j © confine the wires to the cortical gray and many 
Whit em extended deep into or through the suljen 
by pe, Matter. Visual cortex both 1 and TI as described 
ialbot and Marshall (12) were included in all cases 
?n of the superior colliculi was started wil 
Subpial knife, after which the loose tissue was 
(with weak suction. Prelimin: ry removal of the 
MES on one side or, in ot her sí is € 
ved j the caudal third of the corpus ca ied iss 
* in removal of the colliculi. The finer aspects 


ha 


Visual ¢ 
divis; 


invo] 


of all operations were carried out with the aid of a wide 
field stereoscopic microscope with a magnification of 
7X. X medial bridge of bone 1 to 2 cm. wide was re- 
placed over the ttal sinus. Procaine penicillin G (300, 
000 units) was injected intramuscularly at the begin- 
ning of the operation and again on each of the next three 


days. 

A minimum of ten days was usually allowed for re- 

covery from the surgery. The top test patterns were 
then introduced with a preliminary trial on each of the 
simpler stimulus cards of the same pattern type. If the 
animal failed to make criterion it was tested on the next 
er figure of the series. As a rule, only one negative 
series was tested on a given day. However, the foregoing 
general procedure was evolved gradually in the course 
of the experiments, and exceptions were common especi- 
ally among the earlier cases. 
Finally, following a lethal dose of sodium pento- 
barbital, the head was perfused post mortem with 10% 
formalin, and the brain removed. Appropriate records 
were then made in the form of X rays, photographs, 
and camera-lucida drawings. The lesions were studied 
histologically in sections prepared with the Weil myelin, 
Mallory connective tissue, and cresyl violet Nissl 
stains. 


CASE RECORDS 


Subpial Slicing 

Case Snt. Left and right superior colliculi 
and the left visual cortex were removed prior to 
training. Sn? was then taught to discriminate 
between the positive equilateral triangle and 
the negative figures A3, B3, C3, D4, and E3, in 
a total of 48 days spread over a period of four 
and one-half months. This included only 50-70 
overtraining trials per figure, and the per- 
formance remained comparatively erratic. The 
remaining (right) visual cortex was thereupon 
sliced with intersecting knife cuts as illus- 
trated in Figure 2. 

The postoperative tests were delayed in this 
first case by development under the incision of 
an abscess which drained during the second 
week after operation and gradually closed 
during the third. Scores on the postoperative 
tests conducted over a ten-day period begin- 
ning on the 18th day after operation were 
somewhat below the preoperative level at the 
beginning on the A3 and B3 figures but by the 
28th day, Sat had achieved criterion or better 
on all his top test figures. 

On post-mortem examination the knife cuts 
in the right cortex were found extending 
through the gray matter in most places and at 
erratic intervals a short distance into the white 
matter (cf. Fig. 4). The superior colliculus was 


Un 
ÑN 


R. W. SPERRY, NANCY MINER, AND R. E. 


MYERS 


Snt 
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uu oul 

MI 

SEY 
Lear 


Fic. 2, Camera-lucid 
patterns of subpial knife 


missing on the left side except for a small lip 
at the posterior edge. On the right, the latero- 
caudal border of the colliculus was intact, but 
it appeared doubtful that any optic fibers to 
this area had escaped the lesion. 

Ca M rc. This cat was trained to discrim- 
inate figures A3, B4, C4, D4, E3, and F3 with 


a tracings showing preliminary lesions in case Sn/, and medi, 
e cuts in cases Sut, Mre, and Tly. 


al and latera] views of the 


90 to 160 overtraining trials for each figure- 
The preoperative training required 76 
spread over a period of six months, 
cortex in both hemisphere. 
with multiple subpial knife 
shown in Figure 2. 
Beginning on day 11 


The vi 
S was then sliced 
cuts in the patterns 


after operation, Mré 
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cL the first 20 trials on each of the figures A3, 
imd oe F3 with no errors. Perfect scores 
but inc remit by day 20 on B4 and E3, 
ect - \thout a significant number of initial 
we and 14 respectively) suggesting some 
Wenn oi the cortical lesions for the 
ù patterns. 
x. nine aime six weeks after the first 
uli. n en to remove the superior collic- 
the fpe Aie no evidence of vision during 
Sme yis Vito days after this operation. 
of the is capacity had returned by the end 
w dm week and testing was resumed. 
highest —- after the second operation the 
atlained I m which criterion had been 
pils aa A2, B2, C 1, E1, D4, and F1. The 
operation ained widely dilated after the second 
huclei (6) pes damage to the pretectal 
obo ^ mpairment of the mechanisms for 
actor red thus have been a complicating 
evels of i rimination even at these lower 
air capa E AS test scale, however, indicates a 
ble at [e for form discrimination compara- 
or Mi w that involved in differentiating, 
The " il a triangle from a circle. 
ayers be drain lesions invaded the deeper 
Stiseum the colliculi as far as the stratum 
on po andun and extended far forward 
Addition Sides into the pretectal nuclei. In 
the left m area of secondary degeneration on 
Mentun side extended ventrally into the teg- 
eft tein to the level of the aquaduct. On the 
iSsine the optic layers of the colliculus were 
Ditty DUUM On the right side the 
os and posterolateral margins, totaling 
lene d one-fifth the surface area, were 
n the 8 was the lateral edge of the brachium. 
in „© Cortex the knife-cut scars were similar 
bis one to those in Sni and Tly (cf. 
Bie Tly. Having obtained only a minor 
cedin ne of performance level from the pre- 
_'8 patterns of knife cuts, we decided next 
Carry the subpial slicing to an extreme. Tly 
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was trained to figures A4, B4, C4, D4, E4, and 
F4 with 290-510 overtraining trials per figure 
in a total of 153 days spread over a period of 
ten months. The visual cortex was then sliced 
bilaterally as shown in Figure 2. 

During the first four days after operation 
Tly seemed completely blind. Signs of return- 
ing vision were noticed on the fifth day and 
became rapidly more pronounced during the 
second week. His postoperative performance 
is summarized in Table 1. By the 31st day after 
operation he managed to attain the criterion of 
17 correct out of 20 on all his top figures except 
for the B and E series on which he fell to the 
third and second levels respectively. 

Because his vision seemed to be improving 
further, Ty was retained for later testing after 
other phases of the experiment had been 
completed. Meantime in preparation for 
further studies the training box was remodeled 
with improvements that raised the normal 
discrimination levels a little higher than those 
of the original box. The discriminations which 
Tly was able to achieve on the new box during 
the following three months are shown in 
Figure 3A. Judging from the performance of 
two unoperated cats in the same box, the 
records of Tly would seem to be within, or very 
close to, the normal range for top capacity in 
this apparatus. 

A new positive triangle and new negative 
figures A3 and C3 were constructed at oné-half 
the standard dimensions. When tested on these 
new half-size figures, T/y transferred at once 
with only a few extra errors at the beginning 
indicating a high degree of equivalence in the 
two sets of figures. Seventeen correct out of 
20 consecutive trials was attained in a total of 
22 and 23 trials on the A and C figures re- 
spectively. When Ty was confronted with two 
entirely new kinds of patterns at the same 
reduced dimensions (a square and a circle, each 
10.2 mm^ in area, with the circle positive), it 
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Postoperative Performance of Tly 


Da, T 
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5 after operation & |, oW] 
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Negai 
“Alive figures 
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Fic. 3A. Six most difficult negative figures discriminated by Tiy aft 


triangle in center. 3B. 
7.5 cm. Both A and B are from photosta 


required a total of 357 trials in four days before 
the learning criterion was achieved. 

Capacity for size discrimination was then 
tested on plain equilateral triangles with the 
larger triangle positive and with light intensity 
varied independently of size, In the course of 
480 trials in five days, Tly achieved criterion 
on the patterns shown in Figure 3B. Finally, 
Tly learned in 61 trials to discriminate vertical 
vs. horizontal striations, 1 

Histological 
showed the 


cm. in width. 
examination of the cortex 
visual fields to be effectively 
partitioned as intended. The majority of the 
scars extended approximately through the 
depth of the gray matter (Fig. 4). The cuts 
tended to be shallow at the edges of the fissures 
but along the center of the convolutions and 
on the medial surface of the hemispheres they 
tended to go a short distance into the white 
matter. In addition to the small areas of com- 
plete cortical destruction indicated in black in 
Figure 2, additional smaller foci of softening 
and cavitation were found scattered through 
the visual areas below the surface particularly 
where the knife cuts intersected or converged 
(see Fig. 4). The sliced cortex as a whole had 
undergone considerable shrinkage which is 
only partially apparent in the photograph. 
Diffuse and spotty degeneration was discern- 
ible in the lateral geniculate 
dorsalis, on both sides, 


nucleus, pars 
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" P gus later? 
operation, with the positive equila o 
si [ »asu 

y. Sides of the larger triangle meas 


ts of the original stimulus cards. 


Wire Inserts 


Case Jin. Following the approach of Las 
ley, Chow, and Semmes (5), we next tried e i 
serting metallic wires into the cortex to disto" 
the normal pattern of direct current. The f 
case, Jhn, was trained to figures A3, B3, v» 
D4, and E3 with approximately 40 yt 
training trials per figure in a total of 37 pai 
spread over a period of 3 months. Tanta 
Wires, gauge 33, were then inserted throughoz 
the visual cortex bilaterally as shown 
l'igure 5. dt 

When J/m was tested on days 10-16 al at 
operation, a level of 17 correct out of 20 C. 
better, was attained immediately on the B, ^ 
and E figures. After two errors in 16 trials ° 
A3, Jin balked and refused to run further, a 
ran readily the next day 18 correct out of 20 or 
A3. A second day and a total of 49 trials po 
required before 17 out of 20 was attained o! 
D4. Because of motivational complications: ! 
is open to question whether the slight trouble 
on the A and D figures represented any true 
deficit of perceptual capacity, . 

Case Jmm. As in Sut (cf, Fig. 2) both superio! 
colliculi plus the left visual COrlex were 
moved prior to training. Jmm wi then traine! 
to the negative figures A3, B2, C3, D2, anc 
E2 in a total of 56 q 


re 


ays spread over fou! 
months, approximately 60 over 
training trials per figure, As With case Sith 


including 
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2n 
D 


Fic j w 
the 2 3. At left is formalin-fixe 
(toy photograph (cf. Fig. 2). At right are p 

P) and after tantalum wire implantation i 


mning was below normal in speed and final 
midi ar achievement with the cortical and 
indi, rain lesions. Also, the pupils were dilated 
Se possible impairment in focusing. The 
With Pin (right) visual cortex was then filled 
ind e NU pins of tantalum vire, gauge 30, 
n ra in ge shown in Figure >. z 
correc ays 9 to 14 after operation, scores of EA 
trials or better were achieved in the first 2 
et on each top test figure. Examination of 
e es showed the entire left visual cortex 
of the ely removed and also the optic ied 
ip € left superior colliculus. A thin latera 
of the superior colliculus remained intact on 
boty ae side. The tectal lesions extended on 
Prete sides forward into the brachium and 
tectal area, 

mot Sif. In a total of 61 days spread oven a 
tien o four and one-half months Sif was 
Cludin = figues ve BA D4, E3, and F3 in- 
per fi £ Sp m) y 120 overtraining trials 
inse Tantalum w ires, gauge 30, were then 
ed throughout the visual cortex of both 


d brain of 77y showing pattern of cortical scars not all of which are visible in 
hotomicrographs of the visual cortex following subpial slicing in 77y 
n case Sif (below). 


hemispheres as shown in Figure 5. The post- 
operative performance is summarized in Table 
2. B4 is the only figure on which a criterion 
score was not achieved on the first attempt. 
When the negative figures were mixed at 
random in 94 trials on the last three days, the 
score was equal to the best of the preoperative 
records. 

Case Sif was reoperated upon -H days after 
the first operation in an effort to destroy the 
superior colliculi from a dorsal approach with- 
out damaging the visual cortex on either side. 
As in case Mre, this produced a profound 
impairment of vision. Recovery was still pro- 
gressing during the second and third weeks 
after the operation, and during this period the 
patterns in columns 1 and 2 of the test scale 
(see Fig. 1) were the best the cat could dis- 
criminate. During the fifth and sixth weeks 
after the operation, Sif again mastered all his 
top test figures. 

On examination of the brain it was found 
that the anterior two-thirds of the co liculus 


Fic. 5. X-ray pictures of the formalin-fix 
hemispheres of case 
primary planes of 
implanted wires, Wires tended to migrate in varying 
degree from their original positions. (Brain of J/m 
underwent a Shrinkage of approximately 17 per cent in 
linear dimensions as a result of its accidental immersion 
in alcohol before X Tays were taken.) 


had been removed on the left side including 
most of the brachium. The collicular lesions 
went deep into the stratum medullare pro- 
fundum with some Secondary degeneration 
anteriorly on the left extending ventral to the 
posterior commissure. On the right side the 
posterolateral half of the colliculus remained 
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TABLE 2 
Postoperative Performance of Sif 


kr PE Dr 
Days after operation | 10 | 11 12| 13| ul 15) 16/17 18) 19 


Negative figures 


0 3 
3034 


| 
jali 


Errors 0 4 0 
Total trials 20) 7 


1| 1| ol 0| 1| 3| 
13 20.20 20 20/20 20 30 


* MS—mixed in which top negative 
together and presented in random order. 


intact including the lateral half of the bra- 
chium. The lesion extended forward through 
the pretectal nucleus and posteromedia 
portion of the thalamus to the edge of the 
pulvinar. The functional impairment cause 
by the second operation in both Arc and sy 
may well have been correlated more closely 
with the effects of pretectal and rat 
damage, transection of the splenium of m 
corpus callosum, pressure on the occipll 
lobes and interference with circulation in pd 
regions than with the collicular destructio! 
itself. 

Case Tdd. Case Tdd was trained to figure 
Ad, B4, C4, D4, E4, and F4, including 130-40 
overtraining trials per figure in a total of 11 
days spread over a period of seven and one te 
months. Tantalum wires, gauge 33, were ien 
inserted as shown in Figure 5. The postopa 
tive performance is summarized in Table 3. T. 
is the only figure that caused any trouble ies 
this was of questionable significance. Tda 
postoperative record on all the top figures x 
the test scale is good evidence that dens? 
impregnation of the brain with chemically 
inert metallic wires does not produce any 
serious disorganization of pattern perception: 

The wires were carefully pulled out of the 
formalin-fixed brain of Tdd and also of Si 
under a dissecting microscope, In mosi in- 
stances the wires came out cleanly without any 
adhering layer of tissue. Microscopic examina- 
tion of the remaining holes (see Fig. 4) showed 
a wide variation in the degree of scar formation 
around the wires. In many places there was 
only a thin film of scar tissue; in others a thick 
enveloping sheath was present. The thickness 
of the scar seemed to be correlated with the 
varying amount of tissue damage caused 
mechanically by insertion of the wires, being 
heaviest at points where the damage was 


VISUAL PERCEPTION FOLLOWING CORTICAL INSULT 


TABLE 3 


Errors 


Steatest, e.g., where larger blood vessels had 
been broken. 

Cerebellar implants. The entire cerebellum 
Nas riddled with implanted tantalum wires in 
ien etic! cal otherwise normal. In tb 
were i cerebellar case, stainless steel wires 
Kex E throughout the left half tithe 
Wire 1 um, while on the right. side the wires 
tions nserted and withdrawn in similar loca- 
sid to equalize the tissue damage on both 

es. Functional tests conducted on days 14 
through 19 after operation failed to reveal any 
Cerebellar symptoms in either animal. 


DISCUSSION 

ese niye subpial slicing of the entire et 
de or its dense impregnation with metallic 
as described above, failed in either case 

to produce any marked disturbance of visual 
Pattern perception within the limits of the 
eXperimental tests. Good survival of form 
Perception was demonstrated in the ability of 
€ operated animals to discriminate an equi- 
ateral triangle from various other triangular 
dae at a level of performance equal to or 
-C'y approaching the preoperative standard. 
he absence of a generalized functional 
we akdown speaks against transcortical intra- 
seal conduction, including direct current 
oe as an important factor in perceptual 
8anization, ie, in dimensions that might 
Mediate relational effects in form perception. 
bs he Stimulus figures were too large to have 
Cen projected in most cases into intact cortical 
ied between the wires or between the more 
dien spaced knife cuts. Furthermore, after 
ik a pon as well as before, the cats approached 
re !gures more _closely—instead of the 
*Verse—— when the figures were more difficult. 
"Ot uncommonly the operated animals ap- 
Proached the negative figures of all series so 
Closely that the projected retinal patterns 


bre 


on 
x 


must have extended over roughly one-half to 
two-thirds the entire visual cortex. 

The findings in those cases with large bi- 
lateral lesions in the tectum discount the 
possibility that the superior colliculi, or the 
visual area of the cerebellum to which they 
relay (9), might have served as substitute 
centers for the cortical organization. The 
bordering visual "association" area of the 
cortex also would seem to be ruled out by the 
extension of the cuts and the wires into this 
region. 

No abnormalities in visuomotor coordina- 
tion that could be attributed to the cortical 
knife cuts or implanted wires were noted at 
three weeks after operation in casual observa- 
tions of the cats’ ability to jump, to walk a 
narrow board, or to follow and catch rapidly 
moving small objects. 

It is logically conceivable that, despite 
perceptual distortions produced by the opera- 
tions, the positive equilateral triangle may 
always have appeared less distorted than the 
negative triangle and been chosen on this 
basis, or the apparent distortions produced by 
the operations may have been distinguishable 
from the actual distortions of the negative 
figures and were disregarded. These possibili- 
ties cannot be rigidly excluded. They are dis- 
favored, however, by the fact that the cats 
were performing close to the limits of their 
discriminatory capacity where slight disturb- 
ances of any kind tend to cause a breakdown 
of performance. The distortions caused by the 
operations ought, theoretically, to have been 
of such a gross order as to overshadow the 
lesser actual imperfections that already were 
reduced to a minimum. Such illusory distor- 
tions should frequently have made the positive 
figure look more distorted than the negative. 

The electrical short-circuiting action of 
metallic conductors inserted in the brain has 
been discussed at length by Lashley, Chow, 
and Semmes (5). With or without polarization 
effects, wires implanted so densely must 
necessarily have caused considerable distortion 
in the patterning of any mass “figural” cur- 
rents. Even in the form of continuously 
polarized nonconductors, the wires would have 
destroyed that approximate homogeneity of 
the cortical tissue that is essential for field 


theory. 


Ui 
oc 


The partial, erratic ensheathing of the wires 
by scar tissue may have reduced their short- 
circuiting action. However, if scar tissue has 
such an effect on current flow, the scars from 
the subpial knife cuts should themselves have 
been adequate distorters of field organization. 

Since the subpial knife cuts produce a perma- 
nent block to ordinary fiber conduction, the 
results are difficult to reconcile with theories of 
perception based upon reduplicated inter- 
ference patterns (4) or upon the alpha rhythm 
as a scanning device (8). The cuts, involving 
an erratic invasion of the white matter, should 
have disrupted any orderly tangential spread 
of excitations through the gray matter itself or 
via the short U fibers. The findings seem at 
present to favor a more vertically organized, 
motor-conditioned concept of cerebral integra- 
tion (11). 


SUMMARY 


To test the importance of transcortical 
intragriseal conduction in visual pattern per- 
ception, the occipital cortex of three cats was 
subjected to multiple Subpial knife cuts inter- 
secting one another in criss-cross patterns and 
extending through the depth of the gray mat- 
ter. In four other cases the cortex was densely 
riddled with tantalum wires inserted in ran- 
dom patterns throughout. the visual area and 
the subjacent white matter. The effects of 
these operations on perception were tested on 
a battery of trained form discriminations 
close to the upper limits of the animals’ 
discriminatory capacity. The general high 
level of performance after operation indicates 
that transcortical intragriseal conduction, 
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including direct current flow, is not of critical 
importance in visual pattern perception. 
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DIFFERENTIAL REWARD VALUE OF INCOMPLETE AND COMPLETE 
SEXUAL BEHAVIOR! 


JEROME KAGAN? 


Yale University 


iine Ue IR a, +) hypothesis con- 
ing p he nature of reinforcement in learn- 
E je that stimulus reduction is a neces- 
Wulf pata cleristi¢ of a reward. Sheffield, 
Mb: and Backer (3) studied the sexual 
tee or of male rats to discover whether copu- 
tion eS, wea without subsequent ejacula- 
ing, Th Wm Serve as a reinforcement for learn- 
male A found that the speed of running of 
the ie In a straight alley increased epe 
To eae “ake allowed two intromissions and 
end pu ation with a receptive female at the 
other the alley. Control males, running to 
in gs males, did not show as marked a rise 
; Speed of running. Sheffield, Wulff, and 
eed concluded that performance er ie 
ation ory pattern without subsequent ejacu- 
Copul; can function as a reinforcement. Since 
in oe presumably leads to an increase 
"erent stimulation, the findings of Shefheld, 
thea? and Backer were no! in accord with 
€ Miller-Dollard hypothesis. 
mu two experiments to be described were 
Brees riS lo determine whether diferent de- 
Sana Sexual stimulation resulting from goal 
Tews lors would have different amounts of 
SUUM earning of a 
m 
eh 


alue as measured by the | 
aze. The three patterns of copulatory 
if affording different patterns of stimu- 
Ment ue (a) mounting, thrusting, achieve- 
Wise intromission, and ejaculation, (b) 
ejaculate thrusting, and intromission without 
Sn (hereafter referred to as complete 
Withoy lon), and (c) mounting and thrusting 
1 intromission (incomplete copulation). 
iy 
Submj 
foy 


his Paper constitutes a portion of a dissertation 
ted in partial fulfillment of the requirements 
© degree of Doctor of Philosophy in the Depart- 
of Psychology of Yale University. The writer 
ks to Dr. Frank A. Beach, 
al comments. 
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EXPERIMENT A 


Mathod 


The apparatus used in both experiments is shown 
in Figure 1 and consisted of a T maze with circular, 
sheet metal arenas at the end of both arms of the T. 
The arenas were 20 in. high, and the walls of the maze 
were 5 in. high. In order to increase the discrimin- 
ability of the two arms of the maze, the left arm was 
painted in black and gray stripes and had a wire mesh 
floor over the wood. The right arm was solid gray and 
had a plain wooden floor. The start box and stem were 
painted solid black and had a wooden floor. 

The Ss were 15 male albino rats from the Sprague- 
Dawley and Holzmann strains. The stimulus females 
were brought into estrous by injections of estrogen and 
progesterone.* The 15 sexually mature males, com- 
prising three experimental groups, were housed in 
individual cages, kept on a 12-hr.-light-12-hr.-dark 
cycle, and tested during the dark half of the cycle. 

The males were trained in the maze under the 
following conditions: All animals were given four 
trials each test night. The first and third trials were 
free, and both choice-point doors were open. The 
second and fourth trials were forced, the rat being 
forced to the side opposite the one it had chosen on the 
preceding trial. When the animal had made its turn 
at the choice point, the choice-point door was closed 
to prevent retracing. When the male's hind feet touched 
the floor of the arena, the arena door was closed, thus 
preventing re-entering of the arm. Running time was 
defined as the latency from the raising of the start-box 
door until the male's hind feet touched the arena floor. 
The arena on the correct side of the T contained a 
receptive female; the arena on the incorrect side con- 
tained another male rat. The interval between each of 
the four trials was between 30 and 40 min. The males 
were randomly assigned either the right or left arm of 


the T as the correct side. Ve. 
Group I (N = 6) was composed of animals that had 


experienced one ejaculation prior to the learning trials. 
When these males went to the correct side, they were 
given the opportunity to ejaculate with the receptive 
female. They were allowed 10 min. to display either an 
incomplete or complete copulatory response and were 
removed from the arena if no copulatory response 
occurred. If a copulatory response did occur within 10 
min., the male remained with the female until it ejacu- 
maximum of 10 min. from the first coital 
all groups, if the experimental rat went 


P 


lated or for a r 
response. For 


s'The hormone used in this study was generously 
supplied by Dr. Edward Henderson of Schering Cor 
poration, Bloomfield, New Jersey 
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teta 


Fic. 1. Schematic diagram of the maze and arenas 
used in both experiments. 


to the incorrect side, it was forced to remain with the 
second male for 5 min. Males in group I were tested 
every fourth night for a total of 32 free trials. Group IT 
males (V = 5) had experienced several intromissions 
prior to the training but had never ejaculated. These 
males were run under the same conditions as group I 
except that they were allowed only two intromissions 
each time they were with the receptive female and 
were never permitted to ejaculate. They were tested 
every fourth night for a total of 32 free trials. Group IIL 
males (V = 4) had experienced intromission prior 
to the training, but, like group IT males, no ejaculation 
occurred before or during the experiment. These males 
were treated exactly like the group II males except 
that their schedule consisted of tests two nights in suc- 
cession, then two nights of no testing, then two nights 
of testing, etc. This group received a total of 64 free 
trials. 


Results 


Errors in the maze. Figure 2 shows the per- 
centage of the free trials in Which the males 
went to the correct side, i.e., the one contain- 
ing the receptive female. Group I males 
Showed an initial increase in correct runs which 
leveled off at 100 per cent at the end of train- 
ing. Group II males Showed no significant 
change in correct runs over the course of 
training. For the last four trials (29 to 32), 
group I made significantly more correct runs 
than group II (p < .01). (All stated p values 
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Fic. 2. Percentage of the free trials in which the 
male went to the side containing the receptive female. 
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Fic. 3. Mean log of the running time through the 
maze for the first trial of each test night. 


(3-3: wee 
Wi s s 


are for one tail.) Group III males showed an 
initial increase in correct runs; the mean 0 
trials 1 to 4 was lower than the mean for trials 
9 to 12 (p < .05). However, this increase WaS 
followed by an equally significant decrease 
in correct runs. 

Running time in maze. ligure 3 demonst rales 
the mean log of the running time for the fits! 
free trial of each test night. Although all thre? 
groups showed a sharp initial drop in running 
lime, groups II and III displayed a markt 
rise in running time following this init 
decrease. Comparing the means for the fin? 
four trials (13 to 16) reveals that group 
males were running faster than group 
(p < 01). " 

Frequency of complete and incomplete pP 
latory responses with the receptive female. Figu" 
+ deals only with those trials, free and force’ 
in which the malé went to the receptive. 
male. It shows the percentage of such (r4 
in which one or more complete or incomplé 5 
copulatory responses occurred. These will bf 
referred to as copulatory positive trials. GrouP 
I males, allowed to ejaculate, responded y 
every one of the 32 trials. Group II male 
allowed only intromissions, showed a marke 
decrease in copulatory Positive trials; il 
difference between trials 1 to 8 and 25 to ?^ 
was significant at the .05 level of confidence 
Group III males, also preventeq from ejacl” 
lating, showed a significant decrease in cop" 
latory positive trials when trials 1 to 16 até 
compared with trials 49 to 64 (5 — 05). 

A comparison of the maze performance of 


group I with that of groups II and III indi 
cates that intromission 


Is 


without ejaculatio? 
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female i : Y 
UE in which the male engaged in copulatory be- 
avior, 


wa Not as effective a reward as intromission 
Nis, ejaculation. In addition, the decreased 
iru to engage in copulatory behavior 
the * yed by groups II and IH suggests that 
© occurrence of intromission without ejacu- 
ES Rd eventually weaken the tendency 
meni i coital reactions. A second experi- 
tésultg, Te planned in order to check these 
tna » n Experiment A the .V’s were small 
prior “a groups had different Sex histories 
jon “4 the training. In addition, the data 
whic} “xperiment A offered no clue as to 
adir aspect of the copulatory pattern was 
grou nS lo the inhibition of coital behavior in 
he im II and III. This inhibition could be 
sion Wie of repeated experiences of intromis- 
ing à ithout ejaculation or the result of mount- 
T3 i thrusting alone with actual penetra- 
devaio the vagina having no effect on ns 
tha opment of the tendency to inhibit sexua 
tena The second experiment was an 

APL to provide a partial answer to this 
Question. 


EXPERIMENT B 
Method 


es Ss were 46 sexually mature male albino rats 
inp 9lzmann strain. The three groups of males used 
eng iment B were maintained like those in Experi- 
Was A and trained in the same maze. The procedure 
i58 identical to that of Experiment A with the follow- 

Exceptions: The correct side of the maze contained 
spgcceptive female; the incorrect side contained @ 
clo ed, nonreceptive female whose vagina had been 

Sed ‘surgically and, therefore, could not be pene- 


trated by a male. All animals were run two free trials 
every third night for a total of 54 free trials. Trials were 
between 40 and 60 min. apart, and no forced trials 
occurred. No male had experienced intromission or 
ejaculation prior to the learning trials. 

For a correct run, group E males (N = 14) were 
given an opportunity to ejaculate with the receptive 
female. Group C males (V = 16) were allowed to 
achieve two intromissions with the receptive female 
but were not allowed to ejaculate. Group T males 
(N = 16) were given an opportunity to mount and 
thrust a receptive female whose vagina had been closed 
surgically, thus preventing intromission. Animals in all 
groups were allowed 10 min. in which to make a copula- 
tory response. For groups E and C the time limits were 
identical to those of groups I and II in Experiment A. 
For group T, if a coital response occurred within this 
10-min. time limit, the male remained with the female 
for 5 min. following the first incomplete copulatory 
response. For all groups, if a male went to the incorrect 
side, he remained with the nonreceptive, surgically 
closed female for 5 min. 


Results 

Since only free trials were used in Experi- 
ment B, there was no way of guaranteeing 
that a male would be with the receptive female 
each test night. Being with the nonreceptive 
female, on the incorrect side, may have func- 
tioned as a social reward, and many animals 
that began training by going to the incorrect 
side continued to do so for many trials. There- 
fore, there were a great many animals that 
chose the correct side only a few times over 
the course of training, and, hence, had very 
few copulatory positive trials. These animals 
behaved differently from those males that had 
many copulatory positive trials, and it was 
decided to analyze separately the data of the 
8 animals from each group that showed the 
greatest number of copulatory positive trials. 
The data for these 24 sexually active males 
will be reported here. The data for the 22 
animals showing the least number of copula- 
tory positive trials were analyzed and appear 
in the original dissertation (2). 

Maze errors. Figure 5 shows the mean per- 
centage of first trials of each test night in 
which the male went to the correct side. For 
all three groups, there is a significant increase 
in correct runs for trials + to 6 as compared 
with trials 1 to 3 (p < .05). At the end of 
training, all three groups made more correct 
runs than initially, and comparisons between 
trials 1 to 3 and trials 25 to 27 for groups E, 
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Fic. 5. Percentage of first trials in which the male 
went to the side containing the receptive female. 


C, and T yield p values of .07, .03, and OF, 
respectively. 

Running time in the maze. Figure 6 illustrates 
the mean log of the running time through the 
maze for the first trial of each test night. 
There was a significant drop in running time 
for all groups during the first half of training. 
However, the leveling off in running times 
was uneven, and for trials 13 to 27 the running 
times of group C males were significantly 
lower than those of group E (p < .05) and 
group T (5 — .07). 

Frequency of copulatory responses on trials 
with the receptive female. Figure 7 shows the 
percentage of the trials with the receptive 
female in which one or more incomplete or 
complete copulatory responses occurred. Group 
E males showed a gradual increase in the 
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Fic. 6. Mean log of the running time through the 
maze for the first trial of each test night. 
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number of copulatory positive trials. Group € 
males showed a steady decrease in the ten 
dency to engage in copulatory behavior, ant 
the difference between trials 1 to 6 and 49 to 5 
is significant at the .06 level of confidence: 
Group T males showed no significant change 
in the percentage of copulatory positive tria $ 
over the course of training; however, grouP 
T males showed a steady decrease in the mea” 
number of incomplete copulatory response? 
effected on each trial in which at least n 
incomplete copulation occurred. For the fil 
18 trials Group T males made an average : 
9.8 incomplete copulatory responses per 169" 
for trials 19 to 36, a mean of 8.4 copulatory 
attempts; and for trials 37 to 54, a mean = 
6.6 coital responses. The difference betwee 
trials 1 to 18 and 37 to 54 is significa? 
(p < .02). 


DISCUSSION 


: : rere 
In both experiments the males that We 


allowed to ejaculate, groups I and E, showet 
an increase in correct runs, in speed of running: 
and in the tendency to engage in copulator? 
behavior over the course of training. T p 
suggests that ejaculation functioned as f 
reward for both the instrumental behavior © 
maze learning and the consummatory T€ 
sponse of copulation. However, the male? 
that were not allowed to ejaculate with the 
receptive female, groups II, 1, C, and I. 
showed the puzzling combination of a de 


creased tendency to effect the goal respons? 
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Tt uiu The males in the four groups 
dores E: a ejaculate showed a significant 
Savior the tendency to engage in coital 
respect to $ training progressed, but with 
initial lines ges runs, group III showed an 
an over-all e and groups C and T showed 
dency to er CN. The decrease in the ten- 
P these Pein in coital behavior displayed 
complete c ales suggests that incomplete or 
Sults in a opulation without ejaculation re- 
tendency i gradual inhibition of the innate 
ever, the " engage in coital behavior. How- 
Nat some Ncrease in correct runs indicates 
"opua tion M of the complex pattern of 
TT ejaculation can function 
onal defi ement according to classical opera- 
different initions of reward. It seems that 
have pip a EiS oE the copulatory pattern 
OF the totel punishing and rewarding effect, 
disposition. pattern leads to a decreased pre- 
the tende; do copulate and some increase in 
: ecause ci to go to the receptive female. 
S no em S the lack of relevant data, there 
"Sect al im basis for hypothesizing which 
anq which. he copulatory pattern is rewarding 
ation E punishing. It is possible that stimu- 
Varding p glans penis is temporarily re- 
Stimulasi ?ut repeated experiences of penile 
* Dunishi without subsequent ejaculation 
sis i. , 1g in nature. An alternative hypoth- 
"ot fo Nat any stimulation of the penis which is 
the y Weed by ejaculation is punishing, and 
op Other ing stimuli include olfactory, visual, 
Th ar tactile stimulus patterns. 
‘ny event, the fact that copulation 
Îi ishin SJaculation is both rewarding and 
ales i 8 suggests that, with training, the 
an n groups II, III, C, and T would be 
Sun, "PProach-avoidance conflict. It is as- 
that each experience of copulation 
5 , Caculation strengthens a habit which 
‘bong to an inhibition of further coital re- 
Soor = and this inhibition or avoidance habit 
Ini, 9mpetes with the innate tendency to 
ume Copulatory behavior. It is further 
she a that with each copulatory attempt 
ea ec ength of the avoidance habit is in- 
teng e mgh more than that of the approach 
na Theoretically, after a sufficient 
bn coital experiences with the female, 
Idance habit should become as strong 


as the approach tendency, and at this point 
the male will begin to inhibit copulatory be- 
havior. 

According to Miller's analysis of approach- 
avoidance behavior (3), the tendencies to ap- 
proach or avoid a goal (in this case the goal 
is the receptive female) are stronger the nearer 
the animal is to the goal. However, the strength 
of the avoidance tendency is assumed to in- 
crease more rapidly with nearness to the goal 
than the strength of the approach tendency. 
That is, the avoidance habit generalizes more 
steeply than the approach tendency, and, 
therefore, although the avoidance response 
may be stronger than the approach tendency 
in the arena, it may be weaker than the áp: 
proach tendency at the choice point of the 
T maze. 

In Experiment A the males not allowed to 
ejaculate, groups II and HI, showed both a 
decreased tendency to copulate and a decrease 
in correct runs and in speed of running. This 
indicates that the avoidance tendency had 
generalized back to the stimuli of the maze 
and was competing with the approach ten- 
dency in both the arena and in the maze 
proper. In. Experiment B, groups C and T 
showed the decreased copulatory tendency 
but did not show the decrease in correct runs 
or in speed of running. In fact, group C males 
were running faster than group E males 
during the latter half of training. This sug- 
gests that the avoidance habit had not yet 
generalized back from the stimuli of the arena 


to the stimuli of the maze. 
The present data and theoretical analysis 


suggest that in Experiment A the avoidance 
tendency became strong early in training for 
the males that were not allowed to ejaculate. 
The results from Experiment B indicate that 
the avoidance response did not become strong 
until quite late in training. This difference 
could be due to the fact that the forced-tria 
procedure guaranteed the occurrence of copu- 
lation experiences at the beginning of train- 
ing; this was not so in Experiment B. This 
early competition between the approach anc 
avoidance tendencies in Experiment A may 
have greatly facilitated the rapid develop- 
ment of a strong avoidance habit. 

These results are not in complete accor 
with either the stimulus reduction position of 
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Miller and Dollard or the contiguity position 
of Sheffield, Wulff, and Backer. The hypothe- 
sis that stimulus reduction characterizes rein- 
forcement would not have predicted the sig- 
nificant increase in correct runs shown by 
some of the males not allowed to ejaculate. 
On the other hand, Sheffield, Wulff, and Backer 
suggest that the elicitation of a prepotent 
consummatory response, like copulation, is 
the critical factor in the reinforcement of 
instrumental reactions. The significant de- 
crease in the tendency to copulate shown by 
the males not allowed to ejaculate is not 
in agreement with this hypothesis. The data 
suggest that a more complete analysis of the 
complex stimulus patterns involved in rodent 
mating behavior is needed before any defini- 
live statements can be made concerning the 
relevant mechanisms of reinforcement. 


SUMMARY 


Male albino rats were trained in a T maze 
in order to determine possible differences in 
the reward value of three patterns of sexual 
responding. 

In Experiment A, three groups of males 
were run two free and two forced trials each 
test night. The correct side of the T contained 
a receptive female, the incorrect side con- 
tained another male. Group I males were 
allowed to ejaculate with the receptive female. 
Rats in groups II and III were allowed only 
two intromissions with the receptive female 
and never ejaculated. The results showed that 
group I was superior to groups II and III in 
terms of errors in the maze and in the ten- 
dency to effect copulatory responses. Groups 
II and III showed a significant decrease in 


the tendency to engage in coital behavior € 
training progressed. 1 
In Experiment B, three groups of mi 
were run two free trials a night. Group E mal 
were allowed to ejaculate while mating pe 
a receptive female; group C animals we 
allowed only two intromissions; and eae 
group T were allowed only to mount v 
thrust a receptive female whose vagina i 
been surgically closed. For all groups 
incorrect side of the T contained a nonrectl" 
tive female with a surgically closed beat 
With training, group E males showe k 
creased sexual responsivity with the fem 


and decreasing errors in the maze. GE, 
C and T showed a decreased coital respons 1 
with the female, but an increase in CO" 
runs over the course of training. xul 

It was concluded that although Se: " 
responding short of ejaculation motivates, of 
acquisition of a habit which inhibits fU” n 
copulatory behavior, certain aspects 9 fot 
mating pattern can function as rewards 
instrumental learning. 
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CLASSICAL CONDITIONING IN THE PLANARIAN, DUGESIA 
DOROTOCEPHALA 
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| modifications of the type known as 
adaptation’’—the extinction of 
ry-motor reflexes. Hovey partially 


in leptoplanid polyclads the 
the onset of 


S started to 
light, Hovey 
by touching 
. Although no 
motionless to 
., the number 


| Negative 
quate senso 
<Unguished 


c 
Photie c5 Tesponse initiated by 
Move on As soon as 
Stopped owing exposure to the 
animat motion temporarily 
Worm em Ki its anterior region 
Photic si; d be trained to remain 
lige iai lasting 5 min., 
markedly occurring on a single trial decreasec 
Work ae with progressive training. Similar 
been x negative adaptation in flatworms has 
Carried out by Soest and Dilk (reported 


in 2) 


the standpoint of evolution the 
the commonest free-living flat- 
üc an especially significant animal. Such 
n true synaptic 


, 
vo} 
i ed advancements as ynag 
" us DNI, definite encephalization, 
ar Mad symmetry, to mention only a few, 
is of T the first time in planaria. On the 
F these developments in the planaria, 
beha vould think it possible to establish 
m ja modifications in them of greater 
Dip XY than that of negative adaptation. 


i 5e i H H "m . 
ni ne obtained classical conditioning 
elie pu 

We Organisms, but proper control groups 


ep omitted in his study. No other studies 

E Classical conditioning in flatworms. 

loq eee of the present experiment was 

ley, " mine the facility with which planaria 

“Ong: b Conditioned responses (CR's) under 

Con ee of massed The un- 
loned stimulus (US) was a weak electric 
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shock which consistently evoked a longitudinal 
contraction of the animal’s entire body. A 
change in illumination served as the con- 
ditioned stimulus (CS). 


METHOD 


Subjects 

Forty planaria (D. dorotocephala), varying in length 
from 14 to 22 mm., were studied. They were obtained 
locally and placed in a glass aquarium, the dimensions 
of which were 12 in. by 7 in. by 5.5 in. The water depth 
was maintained at about 3 cm., and the water was 
changed regularly. The aquarium was placed in a room 
whose temperature ranged between 22° and 24°C. 
Artificial and natural lighting was kept at a minimum. 
Snail meat was occasionally provided as food. 


Apparatus 


The main part of the apparatus consisted of a 
plastic trough, semicircular in shape, 30 cm. in length, 
3 cm. wide, and 1.5 cm. deep. The trough was attached 
at both ends to plastic supports which were in turn 
mounted firmly on a 1-in.-thick plywood base. The 
trough was filled with aquarium water to a depth of 
12 mm. At either end of the trough were mounted 
red electrodes. A direct current of 28 ma. passed 
h the water was used as the US. The entire 
as set on a table relatively free from vibra 
tion. A goose-neck lamp housing two 100-w. lights was 
centered 1 ft. directly above the trough and constituted 
ce of the CS. Overhead at a height of 12 ft. 
was a 40-w. light providing general illumination. The 
apparatus was slightly displaced to one side of the over- 
head light to eliminate the casting of shadows on the 


trough. 


solde 
through 
apparatus w 


the sour 


Procedure 


Only one 
ported from 
The S wasa 
before experime 
initial period of € 
locomotion was dit 


S was studied at a time. The S was trans- 
the aquarium to the trough in a pipette. 
llowed to “explore” the trough for 10 min. 
ntal training was begun. After an 
listurbance during which the animal's 
axic or ameboid, it generally began 
to move in a normal fashion on the bottom of the 
trough. This movement may be described as “gliding,” 
accomplished by ciliary activity. When S reached the 
end of the trough, it would turn and retrace the trough. 
Occasionally S would come to rest and would remain 
motionless. If this “sleep” state continued for more 
than 1 min., 5 was prompted to locomotion by water 
currents set up by a pipette. Trials were given only 
when S was gliding in a straight line and was oriented 
toward either of the electrodes. 
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The Ss were divided roughly in terms of length 
into four groups of 10 5s each: the experimental group 
(group E), the light control group (group LC), the 
shock control group (group SC), and the response con- 
trol group (group RC). 

Group E was given a total of 150 trials, each trial 
consisting oí a light-shock pairing. The duration of the 
light was 3 sec.; that of the shock was 1 sec. The US 
overlapped the light on the last second of its presenta- 
tion. All responses occurring during the initial 2-sec. 
period of the light were recorded. Training was carried 
out in three blocks of 50 trials each. A 5-min. interval 
separated each block. The intertrial interval was ap- 
proximately 20 sec. 

For group LC, 150 trials were administered in the 
same manner as for group E, except that the US (shock) 
was never given. The light lasted for 3 sec., and re- 
sponses were recorded only if they appeared during the 
firs: 2 sec. 

To determine if the shock sensitized the animal to 
the light stimulus, group SC was given a total of 150 
shock trials, each trial lasting for 1 sec. After every five 
shock trials, 1 test trial was given which consisted of 
the presentation of the light alone for 3 sec. In this 
case, three blocks of 60 trials were presented, 50 shock 
trials and 10 test trials in each block. Thus a total of 30 
test trials was obtained. All responses occurring during 
the first 2 sec. of the light were recorded. 

Group RC was employed to determine the number of 
"spontaneous" responses which one might expect to 
occur without stimulation from either shock or light. 
For this group, 150 trials of 3-sec. duration were given 
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during which no experimental stimulation of any m 
was administered to the animals. All responses um 
occurred during the initial 2 sec. of cach trial wer 
recorded. 


RESULTS 

Two distinct responses were observed ab. 
during the test periods. These two repor 
were: (a) a sharp turning of the cephe 
region to one side or the other, and (b 
longitudinal contraction of the entire a 
general, only one of the two types of respon 
appeared on a single trial. 

Figure 1 presents the percentages of T 
contractions, and a combination of these di 
responses which occurred during the cours s 
training for groups E, LC, and RC. It d ] 
seen that the turning response was a E 
dominant for all three groups. For grou 
the frequency of turns as well as the ae Í 
of contractions increased as a functo ip 
training. The combined curve for this Foul 
suggests that further massed training i al 
have resulted in a performance asymplo | af 
some point just below the 50 per cent p RC 
response frequency. For groups LC à" 2 
the combined curves indicate some decre 


turn? 
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ED 
so TURNS CONTRACTIONS COMBIN 
o eer 
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xe 
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Vic. 1. Percentage of turns, contractions, and combined responses for groups E (soliq line), LC (inter! 


line), and RC (dotted line). 


CONDITIONING IN PLANARIAN 67 


‘TABLE 1 
Mean T "ns " E 
lean Turns, Contractions, and Combined Responses 
on the First 50 and Last 50 Trials 


for Groups E, LC, and RC 
Group Response t 50) pig. P 
E | Turns 12.6 16.6 40, .01 
Contractions 12| 50 3.8 | .01 
Combined 13.8 | 21.6 | 7.8 | -01 
LC | Turns 11.7| 7.6} —4.1 | -01 
| Contractions 0.6 | 2.1 1.5 
| Combined 12.3 | 9.7 | -2:6 
RC | Turns 10.1 | 5? -24|.0 
| Contractions 0.7 | 0.9 0.2 
2 


| Combined 10.8 


8:6. | 2. 


' the frequency of responses as a function of 
trials, 2 
"a order to determine the significance of the 
rement or decrement in response frequency 
d^ pus of these three groups, the data for 
for 2 50 trials were compared with those 
inforne last 50 trials. Table 1 summarizes this 
or ee Wilcoxon’s nonparametric test 
er d aired replicates (4) was employed because 
is n lack of homogeneity of variance as well 
xr nonnormality of the distributions. The 
ii for group E exhibit a very significant 
ibm in the frequency of turns and 
flea, EUN, as well as of the combination of 
was, SPonses. For groups LC and RC there 
5 a significant decrement in the frequency 
ated turning response, while the co 
Bini the contractions and of the mer 
Temai Ses (turns and contractions combined 
rai ined essentially unchanged throughout 
uning, 
du. egs of the total number of respons 
nica the 150 trials, group E made sig- 
Sore more turns and significantly more 
„actions than either group LC or group 
tee, Vilcoxon’s test for unpaired replicates (4) 
4, ealed p values at the .01 level for turns and 
the .02 level for contractions. The dif- 
Wiss between group LC and group RC 
4e not significant. 
oF able 2 gives the individual data for group 
Me lerms of percentage of combined responses 
€ach block of 25 trials. It can be seen that 
the ten Ss in this group, only three failed 


nses 


ere 


p ~€2C« 71S 


TABLE 2 


Percentage of Combined Responses for Group E 


Length Animal Tr 
(mm.) No. zs "DECEM 
76-100 | 101-125 | 126-150 

14 1 16 8 40 16 52 
15 2 |16|12 16 16 40 
14 3 |24| 16, 36 40 32 
20 4 | 24/16) 24 28 36 
18 5 | 36] 28| 28 48 28 
iš 6 |20|48| + H 16 
22 7 44/48 | 52 6+ 60 
15 8 40 40 36 40 40 
14 9 | 44/24) 28 48 28 
20 10 |24 24 | 24 32 36 


TABLE 3 
Mean Turns, Contractions, and Combined Responses 
on the First 15 and Last 15 Test Trials for Group SC 


Last 15 


Response Dit." 
Turns E y -1.2 
Contractions 0.2 0.4 0.2 
Combined 5.6 4.6 —1.0 


* None of the differenc 
fidence. 


gnificant at the .03 level of con 


to show any evidence of conditioning (animals 
5, 8, and 9). The length of S appears to play no 
important role in the facility of conditioning 
planaria. 

The data obtained from group SC (shock 
control group) appear in Table 3. In order to 
determine if repeated shock trials sensitized 
Ss to the light stimulus, the responses on the 
first 15 test trials were compared with those 
on the last 15 test trials. The differences do not 
approach any respectable level of significance 
in terms of the frequencies of turns, con- 
tractions, or of total responses. 


DISCUSSION 


Figure 1 clearly shows that CR's can be 
established in planaria. For group E the 
frequency of turns as well as the frequency of 
contractions increased significantly with train- 
That these results are not attributable to 
1 sensitivity to the photic stimulus is 
shown by the performance of the light control 
group (group LO. Further evidence that 
repeated presentation of the light failed to 


ing. 
increasec 
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produce a condition of "sensitization" is shown 
by the lack of any significant difference 
between the response frequencies of groups LC 
and RC. From this result, it would seem that 
the light was a neutral stimulus and that the 
responses which did occur in groups LC, SC, 
and RC were spontaneous. The initial level of 
response frequency in group E was also 
apparently the result of spontaneous reactions. 
The shock control group (group SC) provides 
data which clearly indicate that pseudo- 
conditioning was an improbable factor in the 
performance of group E, since repeated shock 
stimulation did not cause a significant incre- 
ment in response frequency to the light. The 
results obtained from group SC likewise 
eliminate the possibility that any increased 
generalized activity level was the cause of the 
increment in response frequency exhibited by 
group E. 

Of particular interest was the significant 
increment in the number of turning responses 
made by group E with progressive training. 
The US invariably evoked a longitudinal 
contraction of the entire body, but seldom was 
accompanied by a turning of the anterior 
region- the latter occurring less than 5 per 
cent of the time. In group E, however, not 
only was there an increment in the number of 
contractions, but there was, as well, a similar 
increment in the number of turning responses. 
This discrepancy between the nature of the 
UR and that of the CR would seem to suggest 
a form of “expectation” learning or avoidance 
learning in the planarian. A more parsimonious 
explanation, however, is available for this 
discrepancy. The turning response may have 
been a part of the unconditioned reaction, but 


was obscured by the more generalized con- 
traction of the entire body. | 
Comparisons of habit formation a 
planarian with those of neighboring anima | 
groups cannot be made at the present time 
because of insufficient data. But one might 
expect that the acquisition of simple associa- 
tions will not serve to help us differentiate 
among animals on the basis of “intelligence. 


SUMMARY 


T iment was 
The purpose of the present experiment W@ 


s > é vnl 
to study the facility with which planer 
(D. dorotocephala) form CR's in a clasat 
light-shock conditioning situation. Forty an 
mals were employed. They were divided nat 
four equal groups: the experimental group @ 
three different control groups. " 
; al gro 
It was found that for the experimental gro d 
there was a significant rise in the number : 
contractions and turning responses p 
; 2 3 ual ti 
function of the number of trials. That ! e 
increments in frequency of responses w— 
caused by sensitization to either shock or ae 
: : jen i a 
stimulation was indicated by the performa 
of the control groups. 
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REACTIONS OF THE MEALWORM, HONEYBEE, AND COCKROACH TO SOME 
CARBON DIOXIDE CONCENTRATIONS 


F. D. KLOPFER axp J. A. QUIST 
The Slate College of Washington 


contain chological and biological literature 
avoid: Tequent reference to approach or 
‘ance behavior in the lower organisms. 
fae in much of this work is the following 
thie pen environmental conditions are 
wy. Val lor the organism; (b) nonoptimal or 
DU conditions will instigate be- 
0 Silent mea in (c) locomotion toa region 
the [NE ( satisfying") conditions where (d) 
Shani Go behavior decreases. — : 
ence th; (6) has presented convincing evr 
strated ing the preferred stimuli, as demót 
ated to i approach-avoidance behavior, ~ re- 
recent] s he normal habitat ot the animal. Mosi 
laking 7 Fry (2) has extended this thinking, 
imation © consideration such factors as ac- 
uli that 1 and the presence of additional stim- 
8t tend to amplify, attenuate, or other- 


Wise a 2 
id a the response to the stimulus in 
‘on. Both of these investigators exposed 


heir 


£l 


he aia stimulus gradients, recording 
oint aS intensity or concentration at = 
helfor pens the animals congregated. Neither 
Mesh d nor Fry was concerned with response 

Sholds, 
"i thesis of the present paper that the 
anism Stimulus intensities to which an or- 
ation _ Spons in an approach-avoidance E 
ne Snie a function of the normal habitat o! 
wi al. More specifically, using organisms 


zm uw 


E@ 3 
m 


h ER : : 
exec oan similar respiratory systems, we 
Cer ed that the range of carbon dioxide con- 


rati : ; ed 
à Fees evoking avoidant behavior w ould 
Posy unction of the organism’s potential ex- 
al Ve dto in the normal 
al ditat 


carbon dioxide 


Sons METHOD 
Ubjects 
The 
Colonies 
eybe 
"ipla 


Ss, randomly selected. from the laboratory 
» Were 25 mealworms (Tenebrio molitar), 30 
"es (A pis mellifica), and 40 cockroach nymphs 
neta americana). 


on 
(Pe 


'Poarains 
The 
Um. is 


Oth ends 


apparatus, suggested! by Jones (4), was a < 
em. diameter Lucite tube with gas inlets at 
a screened. outlet at the bottom center of 
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GAS OUTLET 


Fic. 1. Gas supply and discrimination tube. 


the tube, and a stoppered opening in the center top for 
inserting the animal (Fig. 1). The top opening was cut 
to receive the ground neck of a 20-ml. weighing bottle. 
The device effectively produced two contrasting and 
sharply differentiated supplies of gas into and out of 
which the animal could freely move. 

"The diffusion and mixing of gases at the choice point 
was tested by admitting nitric oxide into one end of 
the discrimination tube, and air into the other, at the 
rate of 50 ml. per minute. The two colorless gases react 
to form the familiar brownish nitrogen dioxide, per- 
mitting visual evidence of diffusion of either ga: into 
the other end of the tube. There was little evidence of 
diffusion more than 1 cm. from the center of the tube, 
and no diffusion beyond 2 cm. 

The gas supply used in the experiment was from 
two 10-gal. bottles, one containing air and the other 
ide or a carbon dioxide-air mixture. Four 
concentrations of carbon dioxide were used: 
. and 10. The gases, displaced by a 50 ml. 
per minute flow of water into the bottles, were led to 
cither end of the discrimination tube. 

Since carbon dioxide is highly soluble in water, sup- 
plying the g splacement with water should pro- 
duce some variation in the carbon dioxide concentration 
from trial to trial. To check this possibility gas samples 
taken at the beginning and end of the tri 
xd. The percentage concentrations were as follows: 


lyze 
99.4 to 96.3, 51.0 to 39.2, 26.8 to 21.1, 13.0 to 7.9. 


carbon di 
percentage 
100, 50, 25 


were ana 


Procedure 


Individual Ss, randomly assigned to the experimen- 
tal groups as indicated in Table 1, were kept in 20-ml. 
weighing bottles during the experiment. 

With the carbon dioxide air mixture entering one 
end of the tube and atmospheric air the other end, a 
weighing bottle was inverted over the center opening, 
and an animal permitted to drop to the choice point. 
The bottle was then removed, a stopper inserted in the 
and the animal's entries into either alley ob 


opening. 
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served for a 5-min. period or until 
The criterion of all 


anesthesia occurred. 
" entry, selected on the basis oi 
the gas diffusion data, was a 2-cm. penetration into 
either alley. At the end oí 5 min. the weighing bottle 
was again inserted in the top opening, the animal 
shaken into the bottle, and the tube cleaned by a blast 
of high-pressure air. The gas supply 
left for right, the animal 

and observed for a second 


then reversed, 
again inserted into the tube, 
5-min. period. Half the a ni- 
mals were tested with the air first to the right side, 
and half with the air first to the left. In all c if an 
animal stayed in either end of the tube for 2 min., it 
was removed to the weighing bottle and restarted. 

If anesthesia occurred, the timer was stopped and 
the insect removed to a weighing bottle. 
covery the animal was returned to the 
the trial resumed. 
respiration and 
activity. 


Upon re- 
Paratus and 
were pretest 
apparently normal 


Criteria of recovery 
resumption of 


RESULTS 

The results are summarized in Table 1. The 
second row for each concentration indicates the 
proportion of entries into the air endof the tube, 
Mealworms demonstrated a clear preference, 
choosing air over carbon dioxide at the 100 per 
cent concentration, the threshold for this 
behavior being somewhere between the 50 
per cent and 100 per cent concentration, 

Honeybees showed a Clear preference for air 
over the carbon dioxide mixtures at the 50 per 
cent and 25 per cent concentrations, but were 
apparently unable to discriminate between air 
and 100 per cent carbon dioxide, the latter 
producing anesthesia on each carbon dioxide 
entry. Three bees were anesthetized when their 
Tesponse at the choice point was delayed. 

Cockroaches avoided the carbon dioxide 
mixture only at the 10 per cent concentration, 
Evidence that the 25 per cent concentration is 
near the upper preference threshold for cock- 
roaches is afforded by the fact that four of the 
insects showed a consistent preference for air 
over this concentration of carbon dioxide. With 
the exception of one 


cockroach, the one 
anesthetized, the first carbon dioxide entry was 
followed by hyperactivity. The insects rapidly 
moved from one end of the tube to the other, 
resulting in a high frequency of response and 
chance performance, 

The incidence of anesthesia among the bees 
at the 50 per cent and 25 per cent concentra- 
lions was five, and three, respectively. In the 
first case two bees, and in the latter one bee ac- 
counted for these frequencies. In each case the 
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TABLE 1 ; 
Responses, Air Entries, and Anesthesia 
E CR] z ø 
Vacib Meal- Honey- pu 
SUBS worm i er ae 
100 Per Cent CO» Concentration E 
" = : 0 
N 10 10 | a 
Number of responses 18 2 | 8 
Proportion air entrie I 95 | ‘44 
Incidence of anesthesia L2 Lu 
50 Per Cent CO; Concentration ss 
— Ces eae ere 10 
X 10 ag |o 
Number of responses 52 TA | ,40 
Proportion air entries .50 "5 16 
Incidence of anesthesia 0 a 
Per Cent CO» Concentration p 
I E. DATA j 10 
N 5 10 86 
T r 3 28 
Number of responses 24 m (58 
Proportion air entries M E : 1 
Incidence of anesthesia 0 MEL 
10 Per Cent COs Concentration P 
e s = | 10 
A 3 
a 108, 
Number of responses | ake 
Proportion air entric 0 


Incidence of anesthesia 


*p< 01. a 
t wt 
failure to demonstrate a preference o " 
several “air” responses, during which 'joxid 
were necessarily exposed to carbon bee jon 
This exposure produced a general ees sub 
of behavior and more rapid anesthesia 9 
sequent carbon dioxide entry. 3nd 400 
The cockroaches at the 50 per cent à E n 
per cent concentrations and the Vom mof 
100 per cent concentration all showe »» n 
entries to the carbon dioxide side than of? 
air side. This asymmetry is not suggestive al 
preference for carbon dioxide, but is ee all 
artifact of the test situation, Entry into t” e" 
side may be followed by carbon dioxide 2 y 
but carbon dioxide entry jis followet 
anesthesia. F 
The third row for each carbon dioxide © 
centration in Table 1 


n 
eee in 
indicates that the ihe 
cidence of anesthesia for cockroaches at und 
50 per cent and 100 per cent Concentrations ig 


for bees at the 100 per cent concent ratio? 


REACTIONS OF IN 


ie fenis to the failure of the discrimina- 

mel AME This was not true, however, of 

Giben n the 50 per cent and 25 per cent 

mnn s concentrations, where. the gas 

Sun iis nad no deleterious effect within the 
+ observation periods. 


DISCUSSION 
bee om may be related to the normal 
wells e: the species tested. The cockroach 
tigate in an environment ol at- 
to any e; SOT) carbon dioxide rarely increases 
Some rem extent, Under conditions where 
increased [on occurs, opening of the spiracles, 
accompan imb and alar movements, and the 
erally drei mg increased ventilation are gen- 
quate en Aae compensation for a nonade- 
dm vironment. Slightly higher concentra- 
Produce avoidant behavior. 

109 ces Suggest that at the 50 per cent and 
Where th CHE carbon dioxide concentrations, 
ie pibe above mechanisms are not adequate, 
Potential Te has no subsidiary adjustment 
Nor appro: k neither avoids the carbon dioxide 
hoo ie oaches the air consistently. The likeli- 
atmosphe neybee, while generally exposed K 
at Limes ric air in its normal environment, may 
“teases | engage in behavior that markedly in- 
"c ee exposure to carbon dioxide. In its 
Perature behavior, by which intra-hive tem- 
other js controlled, close physical proximity 
culati pees with the ensuing reduction in 
eased me of atmospheric air results in in- 
the c Rhee dioxide concentrations within 
Biber The bees in the present experiment 
and 5 ated an ability to discriminate air 
Woidin a cent or 50 per cent carbon dioxide, 
arent E the latter. This ability was not ap- 
Carbon F the 100 per cent concentration of 
en sun loxide. W hen the carbon dioxide con- 
th eo were higher than those to which 
Manner, could adjust ina direct physiological 
Wioral a subsidiary discriminatory and be- 
Vive oe enabled the organism to 
hen E his mechanism was not apparent 
racheq iy carbon dioxide concentrations 
ONeV bes level well above that to which the 

4.) bees might conceivably be exposed. 
AR third species studied, the mealworm, 
pe BEES hers ae Circulation of at- 
eric air is extremely limited, and the 


Cir 


TS TO CO: 7 


possibility of exposure to high concentrations 
of carbon dioxide is correspondingly increased 
(7, p. 99). The mealworm's behavior was ap- 
parently unaffected by 50 per cent and 25 
per cent concentrations of carbon dioxide, the 
organisms moving freely from air to carbon 
dioxide and back with no evidence of respira- 
tory distress. At the 100 per cent concentration, 
however, an immediate avoidance of the car- 
bon dioxide was apparent. The above data are 
consistent. with Gaarder’s (3) report that 
respiration in T. molifar is constant while 
oxygen concentrations are decreased from 97 
per cent to 5 per cent. 

These findings generally support our hy- 
pothesis. The range of carbon dioxide cor- 
centrations to which these organisms respond is 
defined by (a) a lower threshold below which no 
avoidance occurs, physiological mechanisms 
providing adequate adjustment, and (5) an 
upper threshold above which no avoidance oc- 
curs, the likelihood of survival sharply decreas- 
ing. Our data suggest that the concentrations 
of carbon dioxide that arouse the avoidant 
response, and the concentrations where 
behavioral breakdown occurs, are species 
characteristics, determined in an evolutionary 
sense by the habits and habitat of the species. 

Descriptions of respiration and the respira- 
tory organs in insects fail to provide a con- 
sistent scheme for a rationalization of our re- 
sults (1, 5, 8). Mealworms depend to a large 
extent on slow cutaneous respiration, but so do 
cockroaches, while honeybees are limited in 
this respect. In the mealworm, tracheal respira- 
tion is largely by diffusion; the honeybee de- 
pends almost entirely on forced tracheal ven- 
tilation; and the cockroach utilizes both. The 
rate of oxygen consumption is approximately 
the same in the mealworm and cockroach, but 
may be as much as 150 times greater in the 
honeybee. The huge air sacs in the respiratory 
system of the honeybee are not found in the 
mealworm or cockroach, the cockroach having 
s, the mealworm none at all. Similarly, 
no consistent differences in the 


small sac 


there are 
structure or function of the spiracles that can 
be related to our data. It seems reasonable to 


suspect that the basis for the species differ- 
ences in response is to be found in differential 
nervous sensitivity to carbon dioxide. 

The conception of an upper threshold, a 


72 


concentration of carbon dioxide below which a 
response occurs, requires some comment. We 
find in sensory physiology that extreme con- 
centrations or intensities of stimuli may cause 
rapid and nearly complete adaptation of the 
Sense receptors, giving the appearance of an 
upper threshold. The lack of any clear-cut 
evidence for the existence of carbon dioxide 
receptors in insects leads us to prefer an al- 
ternative view. An increase in the carbon 
dioxide concentration of the inspired air js 
rapidly followed by an increase in carbon diox- 
ide and hydrogen ion concentration in the body 
luids (5). Either or both of thes increases 
could act directly on the nervous system re- 
salting ina disintegration of adaptive behavior. 


SUMMARY 


1. This paper presents the results of an ex- 
periment testing the discrimination and 
preference reactions of 40 cockroaches, Peri- 
planeta americana, 30 honeybees, -À pis mellifica, 
and 25 mealworms, Tenebrio molitar, using air 
and carbon dioxide concentrations of 10, 25. 
50, or 100 per cent, 

2. Preference was defined as behavior at the 
choice point of a tube, one end of which was 
fed with air, the other end with the carbon 
dioxide or a carbon dioxide-air mixture, 

3. Cockroaches demonstrated no ability to 
discriminate either the 50 per cent or 100 per 
cent concentrations from air, though four of 
ten Ss showed a dependable preference for air 
at the 25 per cent carbon dioxide concentra- 
tion, and all Ss avoided the 10 per cent carbon 
dioxide concentration, 
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+. Honeybees were able to discriminate v 
the 25 per cent and 50 per cent, but not a 
100 per cent concentration. -— 

5. Mealworms were capable of duc 
ing at the 100 per cent concentration. hel 
was no indication of discrimination at un 
per cent or 50 per cent BREEN EI d 
neither was there evidence of euet 
fects of these concentrations in the mealwo 
behavior. "We 

6. The possible relation of these findings” 
normal habitat was discussed, 
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POSITIVE REINFORCEMENT OF THE BAR-PRESSING RESPONSE BY A 
LIGHT STIMULUS FOLLOWING DARK OPERANT PRETESTS 
WITH NO AFTEREFFECT 


MELVIN H. MARX, ROBERT L 


Uni 


wee irmafatiun is generally considered 
Tat. Re Strong aversive stimulus for the albino 
Stitute pee of light has been shown to con- 
strona d effective reinforcement of the in- 
‘Gites Dn response in a large number of 
howeve (e.g, 1, 2, 6, 7). To our knowledge, 
lincton' F« one has reported a reinforcement 
producti or the opposite relationship-- the 
fishes Sia ut a light stimulus through same 
telai a response independently of any 
the ie to other reinforcing stimuli. It d 
dence pose of this report to present such evi- 

nce, 
The positive reinforcing function of light 
i nen here reported was first discovered 
5 ur sinn performed by Henderson 
ied the supervision of the senior author. 
he bu S that had spent a number of 
accom ‘pressing apparatus with no aftere po 
how Vb a their bar presses were fun te 
When. riking increments in response Deus 
a fee light stimuli were introduce Ae 
loves of bar presses. Three furt ^ 
jy, iion specifically designed to veri y 
out v need phenomenon were then capri 
Perfor a A fourth, more extensive study was 
ston ar by Roberts (9) under the super- 
Studies 5 the senior author. Each of these 
Nei told investigation of y —— 
qimulus p» n x e pake p 
data M ü ror the purpose o pr ec, Noel 
Variables NIS report, howev er, these particu a 
Diego, ignored in order that a brief 
Migne may be made of the simple but 
bositi an question of the efficacy of light asa 
ve reinforcer following nonreinforced 


na 


1 Si 
With Nee this report was written a similar phenomenon 
( B. Kish 


Imer. 


D 


St dy n 
Ei With rats by J. B. Girdner ha 
hagas attention (An E 
Caterer! Effects of a Perceptual Consequence Un- 
Ios; to Organic Drive States. Amer. Psychologist, 


79. B, 354-355, Abstract). 


LB 


HENDERSON, asp CARL L. ROBERTS 


rsily of Missouri 


ing. The experiments, listed in 


operant pretest 
ical order indicated above, are 


the chronolog 
summarized in Table 1. 


METHOD 


Subjects 


The Ss were 76 young male albino rats from the stock 
colony of the Department of Psychology and the De- 
partment of Agricultural Chemistry at the Uni ty 
of Missouri. They were distributed over the five ex- 
periments as indicated in Table 1, All but the 16 ani- 
mals in Experiment 2 were experimentally naive. These 
16 had had no training involving light as a stimulus 
or bar pressing as a response. Only those 5s providing 
data directly relevant to the present purpose are 
included from the experiments of. Henderson (5) and 


Roberts (9). 


Apparatus 


A Skinner-type bar-pressing apparatus was used. 
It was made of 1-in. pine stock painted a flat gray, with 
top and bottom composed of !s-in. hardware cloth. 
Its dimensions were 5 by 6 by 8 in. An L-shaped bar, 
made of ! 3-in. steel rod, extended into the box approxi- 
mately 1 in. and was placed 1 in. above the floor. 
A 3- by 5-in. diffusion plate made of frosted plastic 
material placed between two sheets of Plexiglas consti- 
tuted the top half of the box immediately above the 
bar. A 3- by 5- by 14-in. light box contained one 7!3- 
and one 13-w. bulb. This box was fitted over the diffu- 
sion plate so that the entire surface of the plate was 
evenly illuminated when either of the light bulbs w 
ing at the rear of the chamber. Temperature varia- 
tions from the light were slight, with an increment of 
less than 2° F. occurring as a result of the steady burn- 
ing of the 50-mL intensity for 30 min.. with a large 
rat in the testing box. A pressure of approximately 
20 gm.. displacing the bar !4 in., closed the contacts of 
a double-pole mercury dip switch, which was coated 
nsure silent operation. In Experiment 1 
the light was activated for a minimum time of 1 sec. 
for the test condition. Modification of the apparatus 
for the other experiments was made so that the light 
ag as the bar was adequately de- 


burning 


with oil to i 


remained on as lor 


pressed. , . 
A battery of four such units was constructed. and 


ed in a darkened room. Respons 
Pieasured by Veeder-Root counte 

in eparate room. The counters were soundproofed 
asa further precaution against auditory cues from their 


plac * frequencies were 


These were housed 


operation. 
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TABLE 1 
Summary of the Experimental Conditions 


No. of No. of Test Light 
Exper. Pretest Test Intensity * 
No. Vo Periods Periods (mL) 
1 12 8 7 -024 
2 16 6 12 023, 2:13. 
T. or 
3 12 L3 or9 6 
+ 12 1,5,0r9 6 
$ 24 6 9 


* Intensity determin 
nometer 


ations were made with a Macbeth Hlumi 


Exberimenlal Procedure 


The essential procedure for all five se 
involved the Opportunity to make 
operant responses in the dark for a varying number of 
30-min. pretest periods, followed by a number of 30- 
min. test periods during which a relatively mild light 
accompanied each bar press. In the first four experi- 
ments 5s were maintained in an environment of sub- 
dued lighting for one week prior to the beginning of 
experimentation. and throughout pretest and 
pha: In Experiment 5 (9) the nature of the pret 
ing environment was a major independent v: 
Other procedural details for each of the experiments 
are shown in Table 1. 

For at least one wee 


ts of animals 
nonreinforced 


test 


k prior to experimentation all 
animals were placed on a 24-hr. feeding schedule. Water 
was continuously available within the home cages. 
Pretest and test were given under 32! -hr. hunger 
drive. No food reward was used at any time in relation 
to pretest or test. All animals were fed 30 min. after 
cach experimental session. 


RESULTS 


The data here presented involve simply the 
question of increment in response frequency as 
a function of the shift from no aftereffect to a 
light aftereffect. The secondary variables 
indicated in Table 1 are not considered. 

Table 2 presents the results of a comparison 
between the mean number of responses on 
the last day of nonreinforced operant pretest 


and on the first test day with the light after- 
effect. Because of the 


among the groups ea 


variations of conditions 
ich experimental group is 
considered Separately. Large and Statistically 
significant. mean increments were found in 
each of the groups and for the total V of 70, 
as indicated in the table. 

The extent to which response increments 
occurred as a function of the change in stimulus 
conditions is also demonstrated by the fact 


TABLE 2 T 
r a Non- 

Mean Response Increments from Last Day qp 
reinforced Operant Pretest to First Day of Les 


Mean Number 
of Responses 


"M ip | 
i Dest Eisi Ine Spin | ^ | 
Pretest | Test 
Day — Day mr 
| 12 20.9 76.7 55.8, 14.09 [3.96.01 | 
2 16 322 80.6 48.4 9.47. 5. * A 
3 12 23.00 3.9 149 5.98 249 " 
* 112 182!417'24$' T8 3.01 01 
3 24 10.6 29.4. 18.8 d.d 3 g "tii 
Al 76 19.9 50.9 31.0 — 3.96 7.83. 


t. 
that 63 of the 76 S: gave such an ieren 
This proportion is significantly above py 
(50-50) expectancy at the .001 level of 
fidence (chi square — 34.22, df = 1). J 

The adequacy of this criterion of e ze 
expectancy is indicated by the fact y ol 
sponse scores declined from the first is d 
pretest and had apparently reached an asy 
tote by the final day 2 : dies 

As has been indicated by previous S dri 
of bar pressing by the rat under hunger zis 
(10, 11), the operant level achieved afte ntly 
days of nonreinforced responding is pesar 
stable to permit sensitive tests of puse 
variables without the necessity of FE E Men 
control group which does not receive th 
perimental treatment. nrein 

Comparisons of the last day of no p the 
forced operant pretest with the TEAN v ; 
entire series of test days also gave conei , 
significant results, even though there WE je | 
tendency for the response frequencies t0 
cline over the test perioc 


anc | 


DISCUSSION 


jeg seem 
The results of the last four studies n 
Mau - 
provide ample verification of ue ind ii 
original finding (Experiment 1). They ind! 
g 


" he 

? A table presenting all the individual data for eu: 

76 Ss has been deposited with the American Doo 

mentation Institute. Order | Document No. spot 

from the ADI Auxiliary Publications Project, I si 
ion Service, Li 


dupl Ice, rary of Congres 

2 D. C. remitting in advance $1.2 

microfilm or S125 for 6- by 8 in, 

che payable to Chief, 

Library of Congr 
+A table showing these 

posited with the ADI. Se 


. Washing! | 
for 35-000 


" 
s a 
photocopies. nk 
Photoduplication Serv? 


results has 
botnote 2, 


je 
also been € 


REINFORCEMENT OF BAR PRESSING WITH LIGHT 


c reinforcing influence of light following 
Stantiat xc in the „dark and thus sub- 
RESE te te the hypothesis suggested by the 
result. 
in y that the observed increment 
[ede ri was actually due to the 
lo any m " B light stimulus per se, and not 
Ptetesting e jen degree to the prior operant 
This an. SSDOUEUSES must be considered. 
son’s y nil important in view of Hender- 
" 3) demonstration of a significant varia- 


lion a : a e = ; 
Ope: among light intensities as aftereffects in 
Perant bar-pr ing behavior. The stronger 


cleus associated with higher response 
this “Ht up to 16.56 mL, with a reversal of 
of 50,39 : es next and maximum intensity 
however ^. This explanation is not supported, 
Hender K by a direct comparison within 
results Son's investigation of the first-test-day 
US of the 12 animals reported here as 
zy beriment 1 and another set of 12 animals. 
So given the identical light stimulation 
any Me ) following responses but did not have 
signifies, operant experience. They responded 
day a less frequently on the first test 
relative n 2.50, p = 05). Nevertheless, the 

€ roles of light per se and of prior non- 


reinforce i ‘ 
the forced operant experience in producing 
in, P Crement. merit further, more analytic 


inves 
lv Stigation, 


dese also conceivable that the results were 
esta hese kind of unrecognized adventitious 
i > ishment of secondary reinforcing powers 
1 noo with light stimulation. This 
9) d; etation is contraindicated by Roberts 
ata. The smallest first test-day increment 


Vag s 
define served in the subgroup for which a 
ig € attempt was made to associate light 


W 
E: eating behavior. 
"€ conclusion is drawn that the present 
ha a iate a positive reinforcing pe of 
i los mulation under the experimenta’ nae 
Called, utilized, T he effect here noted has his n 
"Wie ee and the light stimulus a 
Ure], d dn oa theoretically neutral and 
tefer to. E sense that 1s, simply fo 
E ie s RUNE increment in responses 
Sum s with occurrence of the stimulus. No 
meg, PEOR is made as to the nature ol the 
4 thism of such reinforcement. 
see OR this report is intended mainly to 
>ent an empirical account of our results, 


Tesu] 


~i 
Un 


some indication of their possible theoretical 
significance may be made. They extend the 
suggestion from Henderson's study (5) that 
the role of light is not simply a negative 
reinforcing one for the albino rat, as has 
generally been assumed. Moreover, they 
suggest, as perhaps the most plausible explana- 
tion, a stimulus-change or novelty factor in 
response reinforcement comparable to those 
previously advanced (3, 4, 8). If verified under 
more general experimental conditions this 
will become an important supplement to the 
need-reduction interpretation of reinforce- 
ment. Whether in this case the need-reduction 
hypothesis can be extended to cover this kind 
of situation or whether a new type of rein- 
forcing factor must be admitted constitutes a 
problem for further investigation. 


SUMMARY 


Data are presented from the bar-pressing 
responses of 76 albino rats to test the hypoth- 
esis that presentation of a light stimulus can 
reinforce an immediately preceding response 
following nonreinforced operant experience 
with that response. Statistically significant 
response increments under these conditions 
were observed in five independent sets of 
animals. The influence of the light per se and 
the possibility of adventitious secondary 
reinforcement effects were considered as 
possible explanations but rejected on the basis 
of available data. The results were interpreted 
as offering support for the positive reinforcing 
powers of light stimulation under the experi- 
mental conditions used and as suggesting as 
one possible interpretation a kind of stimulus- 
lty factor in reinforcement. 
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PLACE LEARNING WITHOUT PRIOR PERFORMANCE 


HENRY GLEITMAN! 


Swarthmore College 


In discuss; 
.'n discussing the problem of expectancy 


E. poe 3 
L. Thorndike suggested running rats 
through a maze ; ue Mm i 

gh a maze in a kind of trolley car, and 


der what they had learned (3). In- 
viously ed of place and latent learning ob- 
dikes ave bearing upon this, but Thorn- 
[e aps s as such has never been 
attempt i he present experiment was an 
A in this direction. 

T ess of 103 rats were drawn from one place 
car, ke to another ina transparent cable 
After 18 ue while suffering continuous shock. 
elevated such trials they were tested on an 
group i maze in three groups. lor one 
had s : T was arranged so that the animals 
where d hoose between running to the place 
ad st i Shock started and the place where i 
end of P For the other two groups, one 

1e T terminated at a "neutral" place 


(not ae : 
" t associated with shock) and the other at 
€the 


cee the "onset" or the “offset” place, re- 
‘Pectively 

s METHOD 

Subjects 


s from 


On 
e : dfe: te 
the hundred and three pigmented male ra 


4€ Colony 4 t Ro pde 

hey. tony at Swarthmore College were used as Ss. 

Kinnin Were approximately five-months old at the be- 
" ' y 

Derim 9f the experiment and had no previous ex 
ental training. 

E 

Pharatus 


10 ni cable cars were made of Plexiglas, 22 by 7 by 
Movant ib a wire grid floor. The back of cach car was 
ima e and served as a door through which the 
i locked after- 


lese 


‘periment, 
i ack could be set up between any t : 
B, and C. As Figure 1 indicates, 4. B, and € 


wo of three 


Plac 


DI 
tou, Ts study: was conducted a 

5 wi animal psychology. 
S his appreciation to J. Burks, E. Fullager, C. 
Li R. Grossman, M. Hill, M. Law Francis, P. 
; C. Montgomery: Newbegin, T. Stein, and 
"rlington, who conducted most of the experimental 
and who contributed Many valuable suggestions 
r 


ac 
The writer 


s project in a 
es to 


wish 


ng 
criticisms. 


were the vertices of an equilateral triangle, and were 
dilierentiated by means of several “extra-car” cues. 
Screens (3 by 5 ft.) were placed directly behind these 
points, striped vertically at 4, horizontally at B, and 
left unpainted at C. Further cues came from the home 
cages, and from a fairly loud buzzer placed behind C. 
The track was held up by two strong posts attached 


P 


to the ceiling. 


Procedure 

Preliminary training. All animals were given seven 
's of preliminary training in another room. They were 
placed on a 24-hr. wet food schedule, and were trained 
to run down a straight elevated path with wet food as 


reward. 
Cable car training. Four days after preliminary 


training was completed, the animals were divided into 
six training groups: (a) drawn from A to B; (b) drawn 
from B to A; (c) drawn from -1 to C; (d) drawn from 
C to A; (e) drawn from B to C; and (f) drawn from 


order to 


isions were established in 
separate later effects due to the car training from 
fortuitous preferences for one particular location over 
another. 

Every animal was given 18 trials with an intertrial 
interval of approximately 90 sec. except for the in- 
terval between trials 9 and 10, which was 2 hr. Each 
trial was conducted as follows: 

At the beginning of the series the animal was locked 
in the cable car, where it remained for this entire 
period. The car was placed at the starting point, and 
remained stationary there for 10 sec. The car then be- 
gan to move, and reached the terminus in 20 sec., where 
it remained stationary for another 10 sec. After this 
it was detached from the track and placed on the floor, 
directly underneath and midway between start and 
terminus, where it remained until the next trial began. 
Strong and continuous electric shock was applied 5 
. after the animal was placed at the starting point, 
; turned off as soon as it reached the terminus. 
Twenty-four hours after the cable car training 
re tested under 22 hr. of food deprivation. 
All room cues were left xactly as they had been at the 
time of the cable car training. except that the track 
was removed. Each animal was given one test run on an 
ted maze, with two arms of 5 ft. each, and a start- 


and 
T 


all animals we 


eleva 
ing stem of 3 ft. o 
Each of the six training groups was now further 
subdivided into three groups: 

Group 1: The ends of the maze arms coincided with 
the starting place and terminus of the cable car trip. 

Group 1I: The ends of the maze arms coincided 
with the terminus of the cable car trip and with the 
“neutral” plac 

Group IIL 
with the "ting point of the cable car trip, and with 


the "neutral" place 


The ends of the maze arms coincided 


r 
= 
z 
e 
eo 
> 
e 
m 
a 
f SCREEN | 
p d B 
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Fic. 1. Ground plan of experimental room. Track 
Was set up between A and B. A and C, or B and C. 
Two of the possible six arrangements of the test maze 
are shown between A and C. 


Thus there were 18 groups of animals, resulting from 

variations of starting point. and terminus during 
cable car training and three arrangements of the maze 
during the test situation. Due to deaths and mis aken 
ignments of animals to Wrong groups, the number of 
es varied somewhat from group to group. The over 
all design and the number of 
Presented in Table 1, 


es in each group are 


TABLE 1 
es in Different Experimental Groups 


Number of C 


| ; 
Cable Car Trip Choice During Test 
During Training — 
Lj "P Group T 


Group IT | Group IH 


Drawn from: 


AB 7 8 3 
BA 6 6 6 
(AC 6 6 6 
CA 4 3 2 
B« 6 6 6 


HENRY GLEITMAN 


t 


T 

For halí the animals within each of these s 
the starting path of the maze was arranged be eq 
the animals started from near the center of d ofl 
lateral triangle ABC and moved outward to one 0 7 


cs 
E x i : à vas plac 
sides. For the other half, the starting path w ba 
de ot 


In t 
we 


se that the animals started irom the out 
triangle, moving inward to one of its sides: ces 
fashion. possible right- or left turning. preferences 
controlled, = scored © 
Performance during the test trial was ie at W 
choice, log latency, and number of VTE's ated if 
choice point. A choice was considered compre eof 
animal had traversed more than 1 ft. of 0n 


RESULTS $ 

arth? 
Since .1, B, and C were used as D 
points, termini, and neutral points uri 
approximately equal number of mE fof 
the cable car training, possible prefere! n 
particular places as such Were eint j 
consequence, the breakdown of the Pa a"! 
spatial arrangement of starting Poss 
termini was ignored, and all the ana ro : 
accomplished by testing three ia Fm! 
I, I, and HI. Group I comprised all art a 
whose test choice was between the stë ho 
terminus of the cable car trip; Group neitt 
animals that had to choose between the! jo? 
point and the terminus; and Group H * oit 
Whose choice was between the neutra 
and the starting point. 

The choices in all three groups à 
in Table 2. As the table indicates, y uh { 
clear preference for the terminus on pats he 
those animals that had a choice Bent am 
and the starting point. Seventy-lon Dn 
three tenths per cent of those eq e 2i 
towards the terminus a difference ^ .y 7 
per cent which is highly significant -— 
2.87). However, no significant. prefer ds M 
encountered in Groups II and IH MT. 
those animals that chose between the " 


0! 


ol 


TABLE 2 
Choice Responses During Test 


Group l | Group H Neut ia, 
n Point ag 
Neutral | Pei 

Point vs. 7 poi. 


Terminus 
(N = 38) 


Number of animals | 
choosing: 


Starting point 9 15 
Terminus | 26 16 " 
Neutral point 1 T 
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Point on the one hand, and either the starting 
Point or the terminus on the other). 
: Analysis of the latency scores did not reveal 
"T Significant differences between the groups. 
i geometric mean latencies were 170.8 sec., 
ce 136.3 sec. for Groups I, I, and 
ity in eae n Owing to the large variabil- 
d encies, none of these differences even 
Pproached Significance. 
i mean number of VTE's were 8.91, 
co 6.42 for Groups E 1l, and III, 
that t} XR y. An analysis of variance showed 
3404 b: Broup effect was significant (F = 
signified, S 05). Individual | tests yielded a 
ant difference between Groups I and 
the d 23], but fell short of significance for 
36) rence between Groups I and II (/ = 


y and that between Groups II and HI 
TT), 


DISCUSSION 


Til choices made by Group I indicate that 
«2€ place learning does occur under our con- 


€ 

nid The results for the two other groups, 
cquireq | Suggest „that the “spatial o 
confined P4 our animals was quite pu 
these , OM first glance, the performance ca 
hima as is rather surprising. JE the 
Point. | prefer the terminus to the starting 


‘hen ne would expect a differential reaction 
either of these is compared with a neutral 

the Seb. expectation is reasonable unless 
ne s Aus not generalize extensiv ly ae 
Vy car oF the room to another i€., unless 
` Mae recognize the starting point ob 
he n when regarding these from regions 
their room which they had not traversed in 
Previous cable car training. When inter- 

in this manner, our data suggest that 
learning may be confined to the specific 
the animal had traversed in its previous 
place performance from 


SG 
g 


tain: 
q ohing, To expect 
loic, Xpet 
(CS sro 
Dresy, Points outside of such areas would 
Whig Ppose a degree of "object constancy” 
DS tbe aa? 
T "ds animals may not possess 
Ereater number of VT 


7s found for 


Toy 

) i $ -F 
Many | may be interpreted in a similar 
fop €". More choice-point vacillation occurs 


the these animals because they “recognize” 
a. Bion in which they were shocked. 
be P AR generality of our results may of course 
"Nar SStioned since electric shock was utilized. 
Tow” place learning may have been ob- 


lai 
Ine em 
Ned shock was too potent a 


» because. the 


distractor. While this is a plausible hypoth- 
esis, our results are nevertheless in line with 
the general findings of many studies of place 
learning carried out under more conventional 
conditions. Generally speaking, place learning 
seems to be obtained most readily when the 
animals are tested at a choice point which they 
have previously encountered, and when the 
pathways to be chosen are in areas traversed 
previously. Short-cut behavior (4) appears to 
be a much disputed phenomenon whose exist- 
ence is seriously questioned (1, 2). Here the 
correct pathway involves a region not hitherto 
traversed. On the other hand, place learning 
is obtained very readily by E’s using T mazes 
rotated by 180° (3), where both choice point 
and correct path are in areas the animal is 
directly acquainted with. 


SUMMARY 


A total of 103 rats was drawn from one 
place in a room to another for 18 trials in a 
transparent. cable car, all the while suffering 
continuous shock. They were subsequently 
tested on an elevated maze in three groups. 
For Group I, the maze was set up so that the 
animals had to choose between running to the 
place where shock began (starting point) and 
the place where shock had stopped (terminus). 
For Group II, the choice was between a neutral 
place and the terminus, and for Group III, 
between a neutral place and the starting point. 
Group I showed a significant preference for the 
terminus, but no differences were found for the 
other two groups. The results are interpreted 
as indicating (a) that place learning may occur 
without prior performance, and (5) that such 
learning is restricted to regions which the 
animals had previously traversed. 
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CHOICE ALTERNATION: III. RESPONSE I 


ENSITY VS. 


RESPONSE DISCRIMINABILITY 


E. L. WALKER, W. N. DEMBER, R. 


W. EARL, C. L FAWL, axp A. J. KAROLY 


Unizersily of Michigan 


"Spontaneous alternation" is a term which 
has been applied to the Systematic tendency of 
rats to choose two alternatives rather than one, 
when given two successive choices in a single- 
choice-point maze. Previous studies in this 
series (8, 9) have made a distinction between 
a "choice" and a "response," and it has been 
shown that of the several possible determiners 
of spontaneous alternation, the response has 
little effect. 

Of the several theories which attempt to 
account for spontaneous alternation, the 
one which seems to lead to an expectancy 
that the manipulation of some characteristic 
of the response would modify the tendency to 
alternate is that of Hull (2, 3, 4). His concept 
of “reactive inhibition,” a negative tendency 
to make the response itself, has been related 
to this phenomenon by a number of workers 
Reactive inhibition c ipates with time and is 
said to be an increasing function of the amount 
of work involved in making the response. 
That spontaneous alternation varies with the 
amount of time between choices is undisputed. 
That it varies with the amount of work 
questionable. 

Montgomery (5) placed levers at the ends 
of the arms of a T maze and varied the weights 
on the levers in order to vary the amount of 
work involved. The amount of work did not 
influence the degree of alternation. Solomon 
(6, 7) strapped various weights to rats and 
observed that variation in the amount of 
weight did not lead to variation in the amount 
of spontaneous alternation. Solomon (6, 7) did, 
however, find that when the amount of work 
involved was varied by inclining the goal stems 


only 


-ems 


' The data of Experiment 1, “Response Intensity,” 
were collected by Mr. Fawl for his honors th for 
the A.B. degree. Mr. Fawl is now at the University of 
Kansas : 

The apparatus for Experiment 2, "Response Dis- 
criminability," was designed and built and the data 
were collected by Mr. Earl. This study supported 
in part by a grant from the Horace Rackham SCHO] 
of Graduate Studies and in part by a grant from the 
National Science Foundation 
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of an elevated maze by 16°, the increase 
work seemed to lead to a greater tendency 
alternate. here 
The two experiments to be reported u^ 
were designed (a) to vary the amount of à 
by increasing the incline of the repr 
maze to 45° in an effort to maximize the A a 
Solomon observed, the “Response Intend 
experiment, and (5) to vary the ANE 
response by forcing the rat to twist na the 
quite sharply in the direction of the choice, 
“Response Discriminability" experiment | 
The rationale for the first experimenta " 
no further explication, perhaps, but e jal 
the second might be extended some sup" 
further. The previous studies seemed ini 0 
port the conclusion that the tendena a 
alternate with respect to the intran e 
stimuli, for example, is a function T 
discriminability of the two sets of Sd of: 
the two goal stems are quite similar in € will 
shape, shadow, and texture, alternano i is 
be at a minimum. If this genenana g 
extended to the response, and if the nat PES 
the afferent feedback from the respons he 
considered a relevant stimulus, then 
following expectation results. If the 4 
feedbacks from the two responses, ilar 
left and turning right, are very Sm ple 
nature and thus not highly discrimin? il 
alternation with respect to the response uld 
be at a minimum. Variations in work an d 
lead to variations in the intensity of the not 
backs from the two responses, but would (0 
be expected, under most irenmstane i of 
make much change in the discriminabili "inf 
the two feedbacks. The operation of o 
the rat to twist sharply in three dimen?^ yd 
during choice was the best operation we a Rd 
think of for insuring that the afferent feedba‘ n 
from the two responses were highly discri a 
inable, and we reasoned that this operate 
should lead to a marked increase of the IP. 
portance of the response as 


" 
D 


1 ser 
a determine 
alternation. 
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METHOD 
Subjects 


in tel oso Intens ty. Eighteen male 
used in this pes were experimentally naive were 
near-by medi E They were purchased from a 
birthdate Ue R Supply source, and although the 
our months ol QU they were approximately 
E ths old at the beginning of the experiment. 
res eS ge Response Discriminabilit p In th s 
No eres t animals were given preliminary handling. 
searded on the first day of the experiment 


heca 
Cause t] 

se th > à da 
Were ty would not leave the starting box, and 2 


alb 


"lY of Michigan colony; all were born on the 
Y, and were seven months old at the beginning 


4 Pparatus 


was the 


ie net 1— Response. Intensity. This 
“trance T Den maze with both a north and 
"he starti was used asa T maz » from either dire n 
rm and | A: Stems were painted gr , and one goa 
Starting Sea Were black and one white. T he floor of the 
lo the ene had hardware cloth which was 3 Wem 
and the oth Ms goal arm floor was 2 wires to the inc hs 
ve bee her was 4 wires to the inch. Other dimensions 
en described previously (8). 


Was ma ea modification of the standard maze 
at the fi he goal arms were hinged in such aw y 
to an angle 4 inclined 
Ver g s of 45°, which raised the goal boxes slightly 
Rates Were: ting stem. Guillotine 
On the in e: animal could be retained 
Cine for a given period before it was permitted 


? prc 

this ud to the goal box. By confining the animal in 

time Bod of the maze for 20 sec. on each triz I, the 
Spent in this portion could be equalized for in- 


ar evi n n 
Y. nd leve itions of the maze. 
Nperiment 


“lined 


he s between the two alternatives 
loo, à two goal alley: 
the tiene goal wing were on the 
all Ime stood 714 in, above the floors of the start- 
Doin S se Inclined ramps were built at the choice 
Startin, Bs that the rat could climb from the level of the 
Roa] 8 alley to the higher level of the wings of the 
Pas [Dni In this manner a clover-leaf intersection 
TE oy am and each ramp was banked steeply like 
e a race track or the end zone of a stadium. 


were raised on stilts so that the 
ame level and at 


Ing 


"adj. MT ramps were symmetrical with respect to 
Meneg ank, and grade of the incline. The incline com 
awa fore the choice point, and the floor sloped 
the >, [om the mid-line of the starting alley. Thus 


Tat s à : 
the °° Straddled a ridge at the choice point, and both 


4. Dünk ; B 
E 5 ink as well as incline could be sampled by the 
lor to its choice. This maze was painted gray 


throughout, but black and white metal inserts were 
made which permitted lining the walls and slipping a 
colored insert under the floor from the beginning of the 
choice point to and including the goal box. One alterna- 
tive was black and one was white. The hardware cloth 
floor of this maze was a uniform three wires to the inch 


throughout. 


Procedure 


The animals in both experiments received pre- 
handling. In Experiment 1 they were handled and hand- 
fed for a week before the first experimental day. In 
?xperiment 2, they were run on boards between chairs 


for four d 
The running procedure was approximately the same 


for both experiments. The animals were transported 
from the colony to a position outside the experimental 
room and were taken one at a time into the room and 
given two trials. They were confined briefly in small 
individual cages between trials while the maze was being 
adjusted. When all animals had been run, they were 
returned to the colony room and fed their daily ration 
of approximately three Purina Laboratory Chow pellets 
about 1 hr. after running. Thus, at the time of running, 
the animals were approximately 22 hr. food-deprived, 
and they received no food in the maze. 

Experiment 1—Response Intensity. In the original 
design six conditions were planned and run. Two 
conditions were subsequently added. One original 
condition involved rting the animals at the same 
place twice with the arms level. This condition was 
replicated from the other starting stem. This is the 
standard alternation phenomenon procedure. The third 
and fourth conditions were identical with the first 
and second except that the goal stems were raised to 
the inclined position in order to permit observation of 
the effect of increased work. The last two conditions 
involved starting the animals first at one starting point 
and then at the other to permit the separate ssment 
effects of stimulus and response as in the Mont- 
anzer (1) experiments. The animal 


a 


of the 


gomery (5) and 3 e 
were run through the experiment in groups of si 


Each of the six animals experienced all six conditions 
in six days, and on each day, each of the animals within 
a group was experiencing a different condition. 
Because of the nature of the results obtained in the 
above conditions, two additional conditions were run 
several weeks later in which the animals were started 
on the two trials in opposite starting stems and the 
were inclined. Unfortunately, 3 animals had 
“sniffles” in the meantime, and only 15 


goal alleys 


contracted 
were run in thes conditions. — — 

Experiment 2— Response Discriminabi ty. In this 
experiment the design was identical with that executed 
in the first experiment reported in this series (8). There 
were eight possible conditions, with all conditions being 
run with the inclined and banked ramps in place. When 
arted twice from the same starting position, the animal 
s required to alternate stimulus, place, and response 
all three. There were two such conditions 
since there were two possible starting positions. A 
second pair of conc itions involved starting the animals 
from one starting arm on the first trial and the other 


wa 


or repeat 
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starting arm on the second. Thu timulus and place 
were pitted against response. The fifth and sixth condi- 
tions consisted of starting the animals twice from the 
same position in the room, but rotating the maze 180° 
between trials. These two conditions pit response and 
place against stimulus. The last two conditions consist 
in starting the animals first from one position in the 
room, then the other, with the maze rotated 180° 
between trials. These two conditions pit response and 
stimulus against place. 

The animals were divided into eight groups of three 
animals each. Each group was run under 
one of the eight conditions each day, 
was run through all eight coi 
of eight running days. 


a different 
and each group 
nditions once for a total 


RESULTS AND DISCUSSION 


The first of this Pair of experiments was 
designed to try to magnify the 
alternation Solomon (6, 7) observed when he 
inclined the arms of an elevated maze by 16°, 
In this experiment in an enclosed maze, the 
arms were elevated 45° and the animals were 
detained on the incline for 20 sec., which made 
a further increase in the amount of work 
involved, The results may be seen in Table 1, 
With the maze in the level position and the 
animals started twice from the same 


increased 


Position, 
91.7 per cent alternation was observed. 
When the maze arms were inclined and the 
amount of work wa 


as thus increased consider- 
ably, the tendency to alternate dropped to 


80.6 per cent, This finding is the reverse of 
What would be 


expected if increased work 
Increased the tendency to alternate, [n this 
Instance, Increasing the amount of 


work 


decreased the tendency, although the difference 


is not statistically Significant 

When the animals were Started first. from 
one starting stem and then from the other in 
an attempt to replicate the findings of Glanzer 
(1) and Montgomery (5), half the responses 
Were alternations of stimulus and the other 
half were alternations of response. In a similar 


Situation the authors have found 


stimulus all important and response of little 
or no consequence? 


Some aspect of th 
been anticipated 
effectiveness of the 


above 


€ situation which had not 
Operated to decrease the 
stimulus or to increase the 
? This experiment was carried out in 1951, 
rlier than the later positive replication of the 
Glanzer and Montgomery results reported in the first 
experiment 


in this series by Walker, Dember, Earl, 
and Karoly (8) 


actua 
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AND KAROLY 


t 
| 
TABLE 1 T 
in Each 0 
Relative Tendencies to Alternate in € 
Conditions oí Experiment 1, the “Respons 
Intensity” Experiment | 
—= | 
centait 
Average "mm Peres 
wast Simie Num of Alter | 
E WE uot Alternations — "nation 
Per Animal | “in Group A 
Maze Level A 
91.7 
Stimulus and 1.83 (a) 33 
response 8.3 
Nothing 0.17 3 50.0 
Stimulus 1.00 (ei 18 50.0 
Response 1.00 18 Ee 
Maze Inclined " 
0.6 
Stimulus and 1.61 b) 29 
response a 19.4 
Nothing 0.39 7 76.1 
Stimulus 1.53 (d) o 233 
Response 0.47 ‘ 
Comparison m ? 
T d 
a-b 1.47 001 
a-c 5.68 10 
a-dt 1.84 ds 
b-c 2.37 xs : 
b-di 0.91 ns 
c-d 2.24 xe 


i 
» petore "y| 
jon © 


* Three animals h 
condition was run 
instead of 18, 

t These ty 
the signifi 


ad contracted cases of “snitles “duit 
Consequently, the V for this cot 


for te 
lues were obtained by using the formula P f 
ance of the difference for correlated means: P i 
earlier study (8) for a discussion of this problem. There are 0o 
avail a, b, and c, There A i 
Hsing d. The means p fo" 
a, b, and c were slightly UM awe 
since the scores of three anim 

ns. 

* Two differences are test 
ample, in the a d comi 3 DA 
nificantl or whether it is significant v s 
from .47, The smaller difference is significant at only ie ant 
while the larger difference would be highly significant i estt 
rue of the b- comparison, where the smaller difference Ù o 
and found not significant, while the larger one (1.01 
be highly significant, 


able for comparisons involvin, 

13 df for the three comparisons invo 
testing d comparisons with 
those reported in the tabl 


removed for these comparise 


" arisons« 
able in these compari p 
test whether 17 


M 
iier 
iie" d 


ison, one ma: 


ferent from 1. 


2 it 
Sponse with the mare, 
We cannot yet state i 4 
any assurance what that variable might a 
been. We did reason, however, that sinc ps 
increase in effort had Produced a reductio” w 
alternation or an increase in the tendency. |. 
repeat the response in the Standard conditi? i 
running the anim from one stem 2 al 
then from ie weve inci, 
might be again 


effectiveness of the re 
the level position. 


als first 
the other With 
expected to increase 


| 
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Wien ts. TABLE 2 

ELM UE to Alternate in Each of the 
the ie rovided by the Design of Experiment 2, 
Ribas RETI Diseriminability”’ Experiment, as 
by Walke with the Results Ol L ned in the Study 
OY Walker, Dember, Earl, and Karoly (8) 


Nondistinctive Response Distinctive Response 
(x) Experiment 2 

Alter- 

Nation | Average (Total Per- ese oiou | Per- 

in| Average tme cent BYE (Number ce 
of Alter- of age o Alter: o age 
nations Alter- o! Ch a Alter- of 
er nations , Alter is nations Alter- 
Anima in a- sas in n 

3 mal | Group | tions | Aal | Group | tions 

RPS 3.0g 
3.08 a) g4 |77.11.87 QW) 45 | 93.7 
|(1.50)* 

o (1.58) 
92 22 |22.9 .12 3 | 63 
(. 80) 
(.42) 

Ps A 
3.0» (b) 73 76.01.04 (x), 25 |521 
(1.50) 

p 8) 

:96 23 — 24.00.96 23 | 47.9 
(6.50) 
Rp C46) 
183 e) g4 48.81.04 (y) 25 82 
(.79) j 
S (1.04) 
247 — ie " 
2 | 2 G 
(1.21) 52 54.20.96 23 47.9 

RS (.96) 

* 2 » 
2.83 (d)| so | 58.31.54 (| 37 | 77.1 
(0.17) 

p 0.17) 

1.67 40 41.70.46 no 22.9 
C683) 
(83) 
Comparison i h 
4.0. 001 
4. ‘oot 
2. 05 
0. — 
2. 
Dy 
2. 
2 
hex S 
9. 
€ 1. 
0.00 
d-z 2,01 
2.01 


n he animals were run 


"i : 
through ie first experiment of thi 
Was tee" entire design tien 
temaga twice within the dem 
Dons Von score of 0, 1, 2, 4 004 
Mly op ist riminability 
Magi ne and could thus score 0 
5 between the two experime 


s series (8) t 
ach major condition 


and since 

a animal could make a 
In the present study on 
nimals were run through the desien 
1. or 2. In order to permit com 


nts, two means were calculated, 


the 2 


tendency to repeat the response and thus 
alternate the stimulus. The 15 animals run 
under these conditions performed as pre- 
dicted and now yielded results in the direction 
of those obtained by Glanzer and Montgomery, 
in whose experiments effort was not a variable. 

While this experiment is much less clean and 
satisfactory than one might like, it at least 
seems to demonstrate that an increase in work 
and thus an increase in the intensity of the 
afferent feedback from the response does not 


lead to an increase in the tendency to alter- 


nate. 
Experiment 2 was designed to be as nearly 


like the first experiment of this series (8) as it 
was possible to design it, but at the same time 
to maximize the qualitative differences in the 
afferent feedbacks from the two responses with 
the amount of work involved in the two 
responses held as constant as possible. We 
reasoned that if the response could thus be 
made a factor in the determination of the 
tendency to alternate, the various comparisons 
made in the first study in this series would now 
show a response effect which would show up 
very much like the shifting of an additional 
weight back and forth on the two pans of a 
balance scale. The effectiveness of this con- 
ception may be seen in the results presented 
in Table 2, where they are placed beside the 
results of the Walker, Dember, Earl, and 
Karoly experiment for comparative purposes. 
It can be said that in each comparison, the 
addition of a distinctive difference between the 


two responses has increased the effectiveness 
g alternation. When 


of the response in producing 

the animals are permitted to alternate the 
stimulus, the place, and the response simul- 
taneously, 93.7 per cent of their second choices 


were opposite from their first. When in order 


to alternate with respect to stimulus and place 
together it was necessary to repeat the response, 
this percentage dropped to 52.1. In other 


ome for cach replication of the design in the “Nondistinetive 
Response" experiment, These two means are in parentheses, In 

ions between these two experiments, these two means 
yield two independent tests of each difference 


1 The 1 values involving only w, x, y. and z were obtained by 


the compa 


testing for the significance of the difference between correlated 
means with 23 di. The (values involving comparisons between 
a, b, c, and d against w, 


formula for testing the difference between uncorrelated means 


x. y. and z were obtained by using the 


with 46 d. 
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words, 47.9 per cent of the animals chose to 
alternate the response and to repeat the stimu- 
lus and place of the first choice. Many com- 
parisons of the relative effectiveness of the 
three possible determiners of alternation are 
possible within this experiment, and others 
involve comparison with the earlier experi- 
ment. They seem to show quite clearly that 
the operation of making the response dis- 
criminable increased the effectiveness of the 
response as a determiner of alternation from 
practically nothing in the early study to prac- 
tically equal effectiveness with the stimulus 
in the present study. The two experiments 
reported in this paper taken together seem to 
permit the conclusion that since it is response 
quality and not response intensity which in- 
fluences choice alternation, Hull's concept of 
reactive inhibition, without considerable modi- 
fication, is inapplicable to studies of spontane- 
ous alternation. 
Some brief word should be 
importance of these studies fo 
theory in general, It seems to tH 
that much of learning 
matter psychological theo 
itself with Situations wh 
producing Variability 
sequent reduction in v 
of the operation 


said about the 
r psychological 
he senior author 
theory and for that 
Ty in general concerns 


ariability as the function 
described as 
n reductions, 
s reductions, etc, Much atten- 
i of the vari- 
reductions in variability, but 
attention has been paid to the 
variables influencing the variability in þe- 
havior which is subsequently to be reduced, 

^ single choice-point Situation where the 
organism exhibits no great preference for 
either of the alternatives is in some respects 
ideal for the study of variability. The choice 
acts like a knife edge balance, A small decre- 
ment in a response tendency which could not 
otherwise be Observed is detected by a reversal 
in the “greater than-less than” relationship. 
It is limited chiefly by the binary character of 
the data and by the limitations in the vari 
ables which can be manipulated, 

Because of the nature of the variables avail- 
able for manipulation, our work has led us to 
consideration of characteristics of afferent 
inputs and to differences between the afferent 


* 


T 
inputs relevant to two elements of a eni 
situation. We think, now, that we can m 
some limited generalizations about W A 
might be expected to influence the degree 
variability in behavior in such a situation. jis- 

It seems clear that the greater the d 
criminability of the two afferent. inputs er 
responding to the two alternatives, the gre! 
the tendency to alternate. ous 

It also seems clear that simultane y 
increases or decreases in the amount of jet 
involved in a choice and thus the mer 0 
of the afferent inputs should not contribu 
i eration. . s 
ko effects of afferent inp"! 
should dissipate with time. «quill 

Many problems remain. The most esi 
ones, perhaps, involve the general ques (he 
"When are two choices to be regarded i 
Same choice?" We found that Cun a 
stimulus and place without the rat's me jore 
choice did not influence the choice. T qaot 
exposure is not enough. The organism in Pat! 
sense must make one choice before a s nnt 
quent choice is influenced, We know » the 
successive choices in a tandem maze where oem 
choices seem very much alike to £ do not d 
to be the same choices to the rat, as apt 
by the degree to which one choice apu of 
subsequent. choice, Along which dimension? , 


$ X 

sameness or differentness may dou n 
arrayed, or which sets of choices will I int? 
the category “same” and which will fall seen 
the category “different” remains to be á ne 
Elementary textbooks tend to describe ©); 
variability which is reduced by rewart vice 
random, Many Es who take a 50 per cent che ce 


soo differen 
performance as a ba for showing a diffe 


ne 

? A : at 5 

also make the implicit assumption that e 
behavior at 50 per cent choice is random: (hie 
full weight of the studies reported in U 


Series, along with the rather large body "i 
data reported by other ol 
to argue that variable beh 
alway 
Empirically, in spont 
are dealing with a decr 
tendency. If our findin 
might expect this class : 
something in common with other well-kno" 
decrements. Some of these might be binocul?" 
rivalry, oscillations of figure-ground relatio” 


5 5 * eT 
investigators, P s 
avior is often, Í 


e 
aneous alternation : 
ement in a behavios, 
ES have generality: ye 
of decrement to hë 
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za in ambiguous ligures, flicker-fusion fre- 
iiM probability biases in choice pat- 
derived Fa ad behavior might possibly be 
account fr th Tiens mechanism designed to 
Series of stu oe decrements observed in this 
polations hu: ES It these rather lengthy extra- 
that the des vid merit, it would be expected 
odii bles applicable to spontaneous 
ability, th the positive effect of discrimin- 
decrease m negative effect of intensity, the 
Other disc. x the tendency with time, and any 
degree à es variables should be to some 
decrement. icable to the other instances of 
quences pe At least the derivative conse- 

S are experimentally testable. 


T SUMMARY 
reported p Periments in choice alternation are 
nidi Which an attempt Is made in one 
Choice es to vary the work invo ved in the 
ent feed; thus vary the intensity of the affer- 
Second eins the response, and in the 
Vary the cee an attempt 1S made to 
backs discriminability of the afferent om 
ren recur 
ont, 


9! the two responses by 
tial physical contortion at the 
penta White rats were used in the first 
Dents Meg and 24 in the second. Both ei 
seq as E ized a +-shaped maze which could be 
‘he rood maze from opposite starting stems. 
Contribute permitted separation of the 
On o cane to the determination of alterna- 
Permit mulus and response, while the second 
plac. Ced separation of the effects of stimulus, 
insiqe eg response, or afferent input from the 
äng the 3 the maze, the outside of the maze, 
reas aE of the animal. . i 
Making noe the work or effort involved in 
In 8 the response did not lead to an increase 
“pect tendency to alternate, as would be 
hibit ed from Hull's concept of reactive m- 
No Jon. What effect there was of increased 
a Tires in the reverse direction — increases 
Tea si, tendency to repeat the response. In- 
Ng the discriminability of the alterna- 


tives with respect to the response produced a 
large increase in the tendency of the response 
to play a positive role in the production 
of alternation. 

The phenomenon of choice alternation is 
treated as a basic manifestation of variability 
of behavior, and variability treated as pro- 
paedeutic to selective learning. Implicit is the 
assumption that variability in behavior should 
not be treated as being random, but should be 
considered as a systematic pattern of behavior. 
'The expectation is expressed that the extent 
to which these findings are generalizable to 
other instances of behavioral decrement— 
binocular rivalry, ambiguous figure fluctuation, 
flicker-fusion frequency, probability bias in 
choice patterns, and exploratory behavior — 
will be tested by the extent to which the 
same variables seem to operate in each of these 
very different situations. 
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PERSISTENCE OF PERFORMANCE DI 
OF VARYING 


NANCY CHYLE BLAZEK . 
Unizersity of 


It was known when 
was begun that simple discriminatio 
eventually learned by 
trial or in very few 
hypothesized that the 
cult discriminations wo 
an equal level of effici 
problems were present. 
tions differ from the si 
number of available c 
of differential 
differentiability 
the monkeys wi 
cues and that t 
would show 


the present experiment 
ns were 
monkeys in a single 
trials (2), and it was 
solution of more diffi- 
uld attain or approach 
ency if a long series of 
ed. Difficult discrimina- 
mple only in the smaller 
ues, the smaller amount 
stimulus surface, or jn lesser 
of cues. It was pr 


g process 


DIFFICULTY: 


AND HARRY F, HARLOW 


TATION! 
FFERENCES ON DISCRIMINATIONS 


Wisconsin 


179, 181, 184, and 187, 
other 10 anin als, S 

206, 207, 208, and 209, began the SE al 
later. The previous laboratory experience o sat 
Ss was very similar. Both groups had had [^ 
laming and test cage adaptation, and both hd 
ticipated in simil 
in which they 
3-in. wooden block. 
periment, 


iik iin 
were tested initiis bon 205, 
no. 182, 200, 201, 202, (32 day? 


| thes 
ensi 

jar 
1I 4i 


anc 
r cent 


n : o c) ; ainin E 
per day on th prediscrimination aime pé 
Seven to ten days all attained a criterion of 
responsiveness during 10-sec. trials. 


"Apparatus 


" „ral 
; 5 A g . stenansin Genel" 
J Interproblem transfer, i.e., the The animals were tested with the W iscansin, cage 
ls woul i : : raining aop 
animals would Progressively Improve in their Test Apparatus, which consists of a rest tray (aa ie 
facility to differentiate limited stimulus cues, and an adjoining table which SUpporis aN? cree" 
2 - a forward opaque iv 
Asa result, the differences in learning rates on aa test tray, and two screens, a a detailed dest 
; and a T one-way vision screen. . s re C7 
individual Problems should disappear and the Lion: gf fie app ee has been given elsewhere wal? 
asymptotes of performances for the more diffi- A gray test tray with a single, centered food "i ray | 
cult discriminations should approach or be. used in the preliminary testing, and a gray to cent | 
come identical with those of the simpler. with two food wells separated 12 in. center ue 
Such a hypothesis would be in keeping with "85 üsed tn the uent Pops Is of heavy V P 
Hebb's theory of eptual acquis, re The stimuli were 3-in. by 3-in, cards o » centers 
: : y o perceptua acquisition (5); posterboard on which colored squares were «ed. SIE. 
indeed, if the ready perception of Stimulus The entire surface of the stimuli was spree squat 
detail is learned, it is almost certain that clear plastic to permit cleaning, ‘The y je 
E s ie "Xlure (eg. construction paper: na 
interproblem transfer takes place. Thus, the varied venture. (eig, aps cu uir. a 
x ; cloth, satin, painted Paper, etc.), color (inc quu 
Present experiment Was designed to test the saturation, ; 4 $ 
hypothesis that dolotar, 


monkey 
entiate stimulus cues wit} 


facility during the co 
learning, and as a result performance on 


difficult and simple discriminations will be- 
come progressively more similar, 


s will learn to differ- 
? progressively greater 
urse of interproblem 


METHOD 
Subjecis 


A total of 16 Young 


` 4 thesus monkeys served as Ss 
in this experiment, Six o| 


f these animals, no. 174, 178, 


‘This research Was supported in part by the Re- 
search Committee of the Graduate School from funds 
Supplied by the Wisconsin Mumni Research. Found 
tion and in part by a grant to the University of V 
consin from the Atomic Energy Commission Contract 


No. AT (11-1)-64, 
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color-area conditions were u 


and brightnes: 


s differences), and a 


d: 12.5, 25, 50, 
of the cards. On each p a 
only differential cue; are? 
texture of the colored Squares were identical UU 
members of the Stimulus pair. Figure 1 illustrate? 
four color-area conditions, 


per cent of the surface 
problem, color was the 


Individual Trial Procedure 


At the beginning of each tria! 
forward screen, baited the 
n or peanut, 


uc 
y » oped 
l E lowered the P i 
Appropriate food well W jood 
and centered the Stimuli over the 


1 
e! 
The one-way-vision Screen in front of Æ was “jed 
lowered, the forward creen raised, and the tray pus e 
toward S in two dis 


: ated by a (nur 
pause when the tray was Just out s reach. Mie 
the card was displaced and the reward taken if ne 
Choice was correct, the 


tray w 


as withdrawn and ts | 
Phe forward screen pr 
corded the respon 
Poncorrection tecfhnidd 


one-way-vision screen ra 
then. lowered, and, after f. 
the next trial was initiat 
was used throughout, 


had r 
ed. A 
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7 


25% 125 % 
Fio. 1, Sti 
S. Lb Stimuli representing e fi color-area 
conditions. epresenting the four ce e 


Experimental Design 


m a E tested for 64 days during which they 
of the ii of 768 problems, 192 problems in each 
Problems, ieee of color-area. Twelve si 1 
Presented "a trom cach of the four conditions, were 
drawn fete The daily problem sequences were 
Suring th m permuted 4 by + latin squares, thus in- 
„Cach third presence of each oi the four conditions in 
drawn in m the sequence. The original 16 sequences 
he remaj this manner. were randomly reordered for 
y ning 48 test da 

in vitac, ee made pos ibl han analysis of variance 
animals, blocks of days (four 16-day blocks? 


and c : 
'0 i N H "m . H 
effects Nditions of differential color-area were the main 


«Irr 
angement of Stimuli 
Two i 
ide: 
Ruard 
nim; 


lentical sets of stimulus ards were made to 
against the possible destruction of cards by the 
ch set consisted of 400 cards and included a 
Our caine of color-texture combinations in all 
i ly te "area conditions. The sets were paired iden- 
Y, forming two sets of 200 pairs. The cards were 


Pair 

ed ra E es: 

Den], randomly except for the restrictions that both 
Ure ers of a pair must be alike in color-area and tex- 


and dissimilar in color. Because 192 of the 202 

were used in each 16-day period. re- 
necessary at the end of that time and was 
hed by repeating the above procedure. The 


ers 1 as 
rs of cach pair were randomly nated as 
i p eo or incorrect and 
g l-left position of the rewarded card was de- 


by following a set of positional sequences 


developed by Harlow (3). 


RESULTS 
The à >- analysis of 
ip results, as indicated b» analysis ol 
or tance of the performance of the 16 monk 
i are summarized 


Tu cCessive 16-day blocks, i i 
able 1, Grouping of the scores of all 16 Ss 


425 justified by the use of Bartlett’s test of 


cp geneity of variance (1), which yielded a 
nected x value of .915 with $ > 30. l 
„The F ratios for main effects indicate sig- 
i mong animals (individual 


in 


ant variation @ 


differences), problem blocks (learning), and 
color-area conditions (effect of the four areas 
of differential color). The animals X blocks 
interaction. (individual differences in rate of 
learning) is significant, while the animals X 
conditions interaction (consistent. individual 
performance on conditions) is not. The blocks 
X conditions interaction (effect of color-area 
conditions on learning) is significant; inspec- 
tion of Figure 2, which shows orderly separa- 
tion of the curves for the various con:litions on 
the last three problem blocks, indicates that 
the variation on the first problem block is 
responsible for this significant F value. First- 
order interactions were tested against the 
second-order interaction, and main effects 
were tested against the appropriate significant 
first-order interaction. All significant effects 
were demonstrated by p < .001. 

The significance of the variation in per- 
formance among the four color-area conditions 
was tested by means of the Tukey Gap Test 
(10). Despite the low power of this test for 
quantitatively varying factors, it separated 
all means of the four area conditions at the 
01 level of confidence. 

Performance on successive problem blocks 
with the four color-area conditions as param- 
eters is plotted in Figure 2. The curve for 
the 12.5 per cent condition appears linear and 
the curves for the other conditions appear 
progressively less linear and more negatively 
accelerated. The nature of these curves, in 
keeping with the significant F ratio for the 
problem blocks in the analysis of variance, 
gives ample evidence of the formation of learn- 
ing sets for all four conditions of differential 
The graph also rev vals that inter- 


color-area. 


TABLE 1 
Summary of Analysis of Variance 

" Sum of | Mean 

Source f 

SALE 4 Squares Square 
Animals 15 | :98,314.2) 6,554.3) 14,16** 
Blocks 3 147,939.649,313.2 106,53** 

(A X B) 

Conditions 3 | 16.232.6 5,410.9  23,04** 
AxB 45 | 20,8 1 462.9 6.16** 
Age C 45. 3,433.0 76.3. LMZ 
poc 9. 2,114.0) 234.9 3.13%" 
AXBXC 13. 10,140.1 75.1 
** Significant at the 01 level of confidence 
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DAYS 
ing set curves for th 
ased on trials 2 to 6. 


49-64 


Fic. 2, Learn 


e four color-area 
conditions p; 


100 


o 
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o 
[] 


EI 
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o 
o 


9—9 TRIAL 6 
*—* TRIAL 2 


PER CENT CORRECT RESPONSES 
a 
o 


1-16 


17-32 33-48 49-64 


DAYS 
Set curves for trial 2 
area conditions combined, 


3. Learning 
for all color- 


and trial 6 
condition differences 
block of problems 
constant during the 


increase after the first 
and then Stay relatively 
64-day Span of the experi- 


Figure 3 shows curves Which g 
9n all color-area 
tion 


roup responses 
conditions plotted as a func- 
of problem blocks with trials 2 and 6 
as parameters, The trial 2 curve appears 
linear, and the trial 6 curve shows a trend 
toward negative | acceleration. Differences 
between the curves are initially small and 
increase Subsequently, 


DISCUSSION 


The most striking result of 


the present 
investigation was the 


failure to substantiate 


CHYLE BLAZEK AND HARRY F, 


HARLOW i 
" indi 

the hypothesis that the learning com per 
vidual problems and the terminal lev ination 
formance for the more difficult uH 
would approach those of the Suap 3m animas | 
inations. In spite of the fact that ag rmatio" 
demonstrated effective learning set Tifficult 
for all four degrees of discrimination p of 
differences attained constancy and gä 
indication of diminishing, respond 

If the monkeys had learned A sortiol 
Visually to the locus of the differentia r tha 
of the stimuli, it would be. wane have 
performance on the four condone’ AUN fact, 
approached a common asymptote. ad a col 
however, that the curves maintaine det Í 
Stant amount of separation over the samptiv® 
the last 576 problems gives strong dee s tim 
evidence of failure within a pu dl 
to learn to attend with increasing ape Í 
the differential area of the stimuli. Jiscri™ 
the monkeys learned a “response p they 
inating” as Suggested by Reid (9), spon? 
acquired Wyckoff-type "observing dai o 
(11) adequate to permit efficient S ior cut 
the difficult problems, or if the z: 6, 1) 
“acquired distinctiveness” enmen ed 
the effect of these processes was not level in” 
to overcome that of the difficulty le 
posed by differences in cue level. aa ot 

It seems obvious that the pex tt y 10 
developing primate to respond Martem £ 
small detailed stimuli is a function o ing PO 
but the nature of the conditions o as not 
sible this efficient learning to observe has 
yet been adequately described. 


SUMMARY , 
rested 


Sixteen naive rhesus monkeys wer the 


on a total of 768 six-trial problems in e 
animals were required to discriminate B 
differentially colored squares mounte. s, 
otherwise identical 3-in. by 3-in. white roit 
Four conditions of differential color-area ihe 
employed: 12.5, 25, 50, and 100 per cent 0 
surface of both stimuli used in 
The results of this e 
nificant interproblem le: 


m. 
any problem: 


Xperiment reveal B 
arning and demonst! 


d 
i yin 
learning set formation for problems ranE v, 
in degree of difficulty, The significant di i 


ences in performance between all different? 
color-area conditions, however, indicaté tha 
discrimination difficulty js inversely related 

the extent of differenti I-aréa. Dunne th 


al colo, 
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last 576 problems the differences in perform- 
ance among the various categories did not 
nee with practice, and there was no 

ation that they were approaching a 
common asymptote. 
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| 
DISCRIMINATION LEARNING PERF( )RMANCE 


FIRST-TRIAL P 


A. J. RIOPELLE axp 


Emory University 


An earlier investigation of 


the effects. of 
differing first-trial 


procedures upon discrimina- 
tion learning performance has been reported 
(3). In that study, four groups of monkeys were 
trained on a series of 250 object-quality dis- 
crimination problems, The groups differed 
only according to whether the animals in each 
group found food, no food, or a marble on the 
first trial of each successive problem, Marked 
differences among the groups were found in 
initial performance, in interproblem learning, 
and in the relative importance of correct and 
incorrect initial preferences in a series of test 
problems. The Present experiment extends the 
previous investigation to additional groups 
involving new first-trial procedures. Since the 
background, Procedures, and results of the 
present study closely relate to those previously 
reported, familiarity with that account will be 
assumed in order to achieve maxim 
in this report. The present e 
the previous one by (a) 
Tole of reward or its 
taneously pairing 
signal with 


al brevity 
xperiment extends 
reversing the usual 
absence, and by (b) simul- 
a presumably nonrewarding 
a rewarding one, 


METHOD 
Subjects and A bparatus 


Twelve naive rhesus monke 
experiment. All were tamed 
single object from a food we 

The entire experiment w 
version (2) of the Wi C 
(1), using procedure: 
Essentially, the 
taneously preser 
to obtain food ( 
procedure w 


YS participated in the 
and trained to displ 
ll to secure food, 

5 conducted in 
sin General Test 
S reported elsewhere 
animal displace 
ated stimulus objects from 
trials 2 through 6), 
as used throughout 


ace a 


a modified 
Apparatus 
in detail (2), 
d one of 


two simul- 
a food well 
The noncorrection 


Procedure 


Each problem | 
problem w 
Ten proble 
first 25 q 


asted only si 
as completed, 
ms were 


ix trials. As soon as one 
a new one was introduced, 
administered daily for 30 days. The 
2258 instituted, Bec poor sia gentile: 


"Supported in part hy ap 
from the National Institute of X 
National Institutes. of Health, 


Service, 


arch grant (M-580) 
lental Health of the 
U. S. Public Health 
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UNDER DIFFERENT 
ROCEDURES: 


E. W. FRANCISCO 


ifferenc? 
Phase II of the experiment. "Treatment un th 
among the groups were maintained a 50 
250 problems of Phase I but during Pha 3 
problems) all Eroups were treated alike. r groups s 

The 12 animals were assembled into fou s involve 
3 animals cach, Differences among the groa throug 
only the first trial of each problem. On bep ike: 
6 of each problem all animals were trente object 

Group No Food (+). No matter which 


the 


eovered * 

^ ;. ^v uncov he 

monkeys chose on the first trial, they defined 2 
empty food well. This choice, however. ctio! 


ee elei 
“correct” object. Its selection, and only ent tria 
could secure food for the animals on ulaen which 9? 
Group Food and Marhle (+). No dh the 
Ject was chosen on trial 1, its remova T This c 
well uncovered food reward and a marble. blem, ? i 
also determined the correct object of the s ant onl! 
its selection on subsequent trials secured food. 
food, for the animals, 
Group Food (—), 


ir 
[ood 


hoic? 
id 


kf 


nt 
food Y 
These monkeys found fot on 


ocn Toi 
the object of choice. Nevertheless, to pM memb” | 
trials 2 through 6 they had to select the oth j 
of the stimulus pair. e imals of 5^ 
Group Food and Marble (—). The a alle rr 
group, like those of Group Food and je on trial " 
invariably uncovered food and a marble ot e 
Unlike that group, however, the members iot (n6 
Food and Marble (—) had to select the o [o0' 


P secure ue 
preferred) object on subsequent trials n. to the 
In this respect. their obligations were simila 
of Group Food (—), : aniranls “ee 

In Phase II of the experiment all ar esi afte 
administered 50 problems. Like the det enr s 
during Phase I, six trials were allowed for s of e 
ten problems per day, Unlike the procedure, o fous 
I, however, all animals on all trials of all prob e wer ! 
food under the correct object and no font citt 
incorrect object, These procedures thus. p. 
every respect with those employed on ae elit! y 
6 of the problems given in Phase I. meu resp” o 
these procedures was to make the success oft A 1s had 
on trial 1 determined by chance, The per [ 
discover which object consistently ic 


eft 


" covered 
RESULTS y 


The four panels of Fig: " 


problem learning. curves tei 
groups by successive blocks of 50 prob nde 
The following observations can be m^, 
regarding this figure, (a) Confirmation eod 
preference by food and marble (Group I ‘all 
and Marble [+]) or by an empty food p^ 
(Group No Food [4 |) results in relatively | 
intraproblem learning curves, whereas 


antl! 

„int 
ure 1 show ! T 
for each 0 


m^ 


m 


i cC 
n 
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` TRIALS 
Fig, 1, 


"sed Intraproblem learning curves for each group 
s on f 


ive successive blocks of 50 problems each. 
nm of a preference, either by food and 
steeper 9r by food alone, results in progressive 
a prefers s of the curves. (b) Confirmation of 
9 the eve by either of the procedures applied 
Other Wo (+) groups is as effective as is the 
CUrves egies (c) Intraproblem learning 
zontal AMT all groups are approximately hori 
3 and near chance level during the first 
hne dat (d) Although the procedures for 
ate a Food =) and for Group No Food (+) 
their den alent in that both signals contradict 
s S i dien dca on trials 2 through 6, the 
the nie intraproblem. learning curves bid 
from th groups become increasingly dissimilar 

m the first to the fifth block of 50 problems. 


an i observations are supported by the 


al : j 4 i 
ysis of variance, particularly the inter- 


acti 
wn Trials, Problems, and Groups based 
rond This variance estimate was significant 
ested the 01 level of confidence when 
against the Trials X Problems X 
an, Complete summari 
Wailable from the author 


of the analyses of variance 


Animals within Groups interaction term based 
on 128 df. 

In Figure 2 are shown interproblem learning 
curves (learning set curves) for trials 2 and 6 
ior each group. Inspection of the left panel 
reveals two distinct families of curves for trial 
2. The two (4-) curves rise continually, whereas 
the two (—) show little, if any, real elevation 
within the 250 problems. In the right panel of 
this figure are shown curves for trial 6. In 
contrast to the differences found for the trial 
2 curves, these curves follow essentially similar 
courses. Whatever real differences may exist, 
they are found during only the early phases of 
the experiment. 

Performance on the problems administered 
during Phase II is reflected in the curves in the 
four panels of Figure 3. The 50 problems given 
to each group have been divided into two ap- 
proximately equal classes: those in which the 
initial response was correct, and those in which 
the initial response was wrong. The dashed 
curves refer to performance on trials 2 through 
6 following a correct initial choice, and the 
solid curves refer to performance following an 
incorrect initial response. The following inter- 
pretations may be drawn from this figure. (a) 
For the two (+) groups, performance on trial 
2 following a correct initial choice is superior 
to that following an incorrect initial choice, 
whereas the reverse is true for the Food (—) 
and the Food and Marble (—) groups. (5) 
Animals of Group No Food (+) made only 
14 per cent correct responses on the second 
ose problems in which the initial 
Their performances on 


trials of th 
choice was incorrect. 
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Fic. 3. Comp: 
through 6 following 
incorrect first trial, 


ison of performances on trials 2 


Correct first trial and following an 
All data 


are based on a series of 50 
problems inserted after completion of the first (differ- 
ential treatments) phase of the experiment. Panel 
labels refer to experimental treatments during first 
phase of the experiment 


these problems never 
correct, even for trial 6. 
numbe 


exceeded 40 per cent 


r of comparisons may 
between this figure and Figure 1. (a) Note the 
(+) curves (Fig. 3) for Groups No Food (+) 
and Food and Marble (+). They are prac- 
tically identical to the top curves of Figure 1 
for the same groups. (b) A similar comparison 
of the (—) curves of Figure 3 for Group Food 
(—) and Group Food and Marble (—) shows 
a marked difference from the equivalent curves 
shown in Figure 1, Greater agreement can be 
obtained by comparing the lop curves shown 
in Figure 1 With the (+) curves of Figure 3 for 


these groups, This agreement exists despite 


the opposing roles of food on trial 1 in the two 
situations, 


be made 


DISCUSSION 

The present experiment 
previous one (3) by ( 
role of reward or its 
series of problems, an 


has extended a 
@) reversing the usual 
absence on trial 1 of a 
d by (b) simultaneously 


A. J. RIOPELLE AND E. W 


FRANCISCO 


; ith à 

pairing a presumably neutral object d 
rewarding one. Direct information conc are 
a above may be obtained from the ati 
son of the results for Group Food Ay 
Group No Food (+). For both eg Fond 
presents erroneous information. For ; sa close 
(—) group, performance on trial 2 po (+ 
to a chance level, but for Group No PUR 
it rises to nearly 90 per cent correct. bs 
the effects of the misleading se aped 
tained by Group Food (— ) on trial 1 carry "ib 
to the next two or three trials, Bu. e ( 
information obtained by Group No bm vua 
is ignored on trial 2. This result oie tha 
though the two conditions are similar of an 
the interpretation of the ET ceil A 
initial response is reversed on trials 2 ira food 

The simultaneous presentation of bo thing 
and marble on trial 1 seems to add -— 
essentially new to the intraproblem P 
curves, The Successive intraproblem m are 
curves for Group Food and Marble ( 
very similar to the curves for the Foo vious 
and the Marble (+) groups of the pre HT 
experiment. Whatever difference WT per- 
probably lies in the relatively low d af 
formance (first 50 problems) of the Pot t 
Marble (+) group. A similar ood Marble 
among the curves for Group Food and . p the 
(—), Food (—), and Marble (—) p 
previous experiment shows these three fec 
ments to be essentially equivalent in pe 

A comparison of the results of Group. pet 
(+) with Group Food (—) reveals me in 
differences in performances, pct 
performance between Group No PIN att 
with No Food (—) are negligible. 
comparisons, like others cited earlier, 
interexperimental in nature, ffect? 

The data for Phase II reveal that the € m 
of the differential treatments carried over Í" , 
Phase I. Groups trained to perseverate in 
preference in Phase I +] groups) did so M 
Phase II; those trained to Suppress an init si 
preference transferred this response to Phe 
IL The two (+) groups had their greate” 
difficulty with problems in which the initi 
Choice was wrong, Whereas the two group” 
trained to suppress the initial preferent. 


e E i 
([—] groups) made more errors og l5 
trial 1 was correct. 


are 


DISCRIMINATIONS AND FIRST-TRIAL PROCEDURE 


SUMMARY 


Four groups of naive rhesus monkeys were 
tested on a series of six-trial object-quality 
discrimination problems. All animals were 
treated alike on trials 2 through 6 of each 
ge The groups differed, however, in 
first e the procedures prevailing on the 
iia but of each problem. One group received 
teward bo its first choice, but received food 
tataii iat repeating the selection on the 

aining five trials. A second group found 
a "c à marble on trial 1 of each problem, 
the wd es of this group had to repeat 
third ial selection to obtain food reward. A 
obita found food and a marble under the 
ather sil hosen on trial 1 but had to select the 
gto pyect on trials 2 through 6. A fourth 

"p found food on trial 1 but had to select 
eee object on the subsequent trials. Ine 
how rrection procedure was used. The results 

Wed that the two groups trained to per- 
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severate their initial choices eventually 
attained a high percentage of correct responses 
on the second trials of the problems. Those 
groups which had to reverse a response con- 
tinued to have difficulty throughout the ex- 
periment. Group differences in respect to 
response to correct and incorrect initial choices 
were maintained in a series of 50 additional 
object-quality discriminations, even though 
all groups were treated alike. 
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A SEQUENTIAL CUE AND 


FIXATION IN THE RAT 


LEO L. GLADIN axp M. RAY DENNY 


Michigan State College 


Analysis of the jumping patterns present in 
previous fixation experiments using the 
Lashley jumping apparatus (2, 3, 4, 5) reveals 
the possibility that the Tat may learn to use a 
temporal or sequential cue during the insoluble 
problem. Furthermore, this cue should con- 
tinue to be effective in the soluble problem. 
In the soluble problem, for instance, it is 
customary to have four Standard patterns of 
10 trials each, which are repeated over a period 

cof 200 trials, In the first pattern, after a fall 
to the net, the Probability of entry and reward 
on the succeeding jump is three times the 
Probability of a fall to the net. On the following 
two patterns, the Probability of entry following 


a fall is three to two; and on the fourth, the 
Probabilities are even (tw 

ratio is illustrated in Tabl 
of reward foll 
dev 


ancy 
re to 
reffect of the 
mly reinforced 
to 7 nonrein- 

fall once or 
times consecu- 
ng followed by 


at a ratio of 
forcements: 
twice, but no more 
tively, with the 
entry and food reward, 
An experiment wi 
possibility that such 
f such be the case 
fixation may, 
this particula 


than three 
next jump beir 


as designed to test the 
an expectancy! is learned. 
» the implication is that 
at least, in part be explained by 
r habit formation, 


METHOD 
Subjects 
The Ss w 
male, approximately 
the experiment, 
Psychology 
and had no 
purposes, 


ere ten albino rats, five male and five fe- 


150 days old at the beginning of 
They were from the colony of the 
department of Michigan State College, 
t been Previously used for experimental 


Procedure 


A standard Lashley 


S jumping stand (4) was used. 
The curved shield directly above the windows, which 
! Conversely, it is quite 


Possible that a negative 
response may be condi- 
ing on the food platform. 
ata were so analyzed as to 
habits as one, 


expectancy or an avoidance 
tioned to the afterefiect of eat 
But. for the most part, the d 
consider the two possible 
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ack, and 
prevented jumping over the apparatus, was ee 
the remainder of the apparatus was natura L5 gni ol 
The rats were placed on a reduced daily diet : mean ol 
Purina checkers and given all training under Parabita 
19 hr. of food privation. During four days ol | stand, 
tion S was handled and placed on the Jupe" win- 
which was located directly against the two n md 
dows, The § stepped easily to the food plat gual 
consumed its daily food ration before being re » foot 
u arn to jump to tip care 
a progressively greater HRe. pa 
distribute the jumps to both is thi 
n habit would not develop Sure one- 
phase of training. Two alternated cards dl by 
third of each window, The cards were those i and ? 
Maier (4), a white circle on a black background 2 
black circle on white. 
When all rats had lea 
to the food pl: 
covered by the 
them down to 


» S was required to le 
platform from 
being taken to 
so that a positi 


istance of 8 i" 
irned to jump a distance obese 
atform, the windows were 5 iod 
cards, and the rats eee 5 
gain access to the food, Next. the taP 
was conditioned to make the required jump to y alter” 
of a pencil. This was accomplished by p ea 
nately on the stand and on the rat’s tail aea 
trials of 100 per cent reward. This procedure Jicit the 
the amount of noxious goading required to ie probe 
jumping response during and after the insolub 
lem. 

The S was then given 80 tri 
lem, during which time 
locked 50 per cent of the 
daily trials could lead tc 
reinforced more than 
number of entries fo 


. probe 
i insoluble pre 
in the ir ndomb 
rn 0 


both windows were ra the 
time. No more than 5 of E 
> entry, and thus a ie 
50 per cent of the time. T pared 
lowing falls to the net con as 12 
with the mean number of falls following falls ie 
to 5, distributed in the following fashion: On AS 
to 8 the ratios of entry to fall following a fall espe” 
net were 4:0, 3:1, 3:1, 3:2, 3:2, 2:2, 22, MU E er 
tively. This schedule permitted a comparison iie in 
formance at the beginning and at the end ol E ei 
soluble problem in terms of latencies on 4 trials X m the 
of two days, Latency of response w measured ro jum? 
time an animal was placed on the stand until @ ot 
made. Other pertinent aspects of Ss’ behi 

were also cor sistently recorded. 


After falling into the net, S w; 


ain 
amil! 
as allowed to ine? 
there for 30 sec. while Æ changed or simulated a char 


ining access to the food 
lowed to eat for 30 sec. while E changed or simulat 


g 
change of cards, before being replaced on the jumpin 
stand. Failure by S to jump within 60 sec. after hei? 
placed on the stand w. 
on the stand. 3 
9n the tail with a pencil un 

All Ss were given the 
lowing the last day on the 
above procedure Prevailing, 
animals a jump to the white 
forced and for the other hal 


jt 


the 


of cards. Upon ga 


as made. 

blem the day £ 
problem with th? 
at for half the 
Consistently pell 
* circle was po?! 


"a 
pro I9 


insoluble 


SEQU 


P TABLE 1 
atterns of Jumping Which Yield a 3:1 Ratio of 
Entries to Falls After a Fall to the Net 


Soluble Problem 


Insoluble Problem 


Trial 


| ae f Cin " ^ | Card mens 
ositi quence | positi EE 
—-— on | er Jump | Mostar | of Jump 
RSS. | PE EEE 
1w B| rm |B W) 
B B ow, Emy W B | 
IY B, Pall Ww Bj 
;|B Wy Fl B Wi 
sY B] mmis W B| 
9 |W Bj, Entry |W BY 
$18. Wy FH B W) 
o |W Bj| Eny |W B | 
10 B Wo Entry |B wW 
B w, ral |B W| 
Note.—W. is white circle; B is blac circle. In the insoluble 


Problem. p 5 
blem, p and Entry means 


both wi ‘all means both windows were locked 
is for dOWS we In the soluble problem, the pattern 
fie »ositive, or for a rat 
vate 


re unlocked. 
3 At fixated to the right for which B is p 
to the left for which W is positive. 


d the white circle negative. The soluble problem 

nit p four standard patterns, yielding an, » U 

the me uel were rotated throughout the o nd ë of 

mene le problem. A typical pattern and t e NA d 

in the ns during the card discrimination are illustratec 
Ne right half of Table 1. 


RESULTS 
_ All animals continued to eat throughout the 
siment, and all ten rats developed position 
rats ee during the insoluble problem. as 
tials earned the discrimination, one after 
Ses Mus other after 70. One rat remained 
Mind throughout the soluble problem. Seven 
With Kom the fixation criterion of 200 trials 
,, He same incorrect response.” 
: i he median latency for the jumps following 
hee and the median latency. for ite 
Sine s following entry-to-food-platform hes 
ten den for the first ten trials and Us c 
The ae of the insoluble problem for eah s - 
atter ference between these measures ühe 
er minus the former) was determined for 


M the end of the experiment, five of the animals 


Whice ECT 
ch hee fixation breaking 


me fixated were given à 


Sessi ; 
A which consisted of gradually moving the 
Ding stand to the right for right-fixated animals 


Unt) 
mma he rat jumped against the wall, then back to the 
fe i» position, then out to the right, and finally back 
$5: ae median position. Animal fixated to the left were 
ved to the left. Both windows were wide open during 
te session. For those interested, this weneralizatibn 
y Chnirque, together with the results, is available in a 
Series or photographs in the original report. (1). 


p — 


STIAL CUE AND FIXATION 95 


each set of ten trials. On the first ten trials the 
mean difference (M = —22.5 sec.) indicates 
a longer latency following fall-to-net. On the 
last ten the difference is reversed (M = +2.25 
sec.). Nine of ten Ss now had shorter latencies 
for jumps following fall-to-net than on the first 
ten trials; and six Ss responded faster following 
fall-to-net than entry-to-food-platform whereas 
only one S (the one rol included in the nine 
above) had done so on the first ten trials. The 
distributions of these mean differences were 
quite symmetrical and approximated a normal 
curve; hence a / test for related measures was 
employed to evaluate the difference between 
the mean differences (/ = 3.53, p = .01). 
Thus it seems reasonable to infer that learning 
to the suggested cue took place during the 
insoluble problem. 

That such learning affected the behavior of 


the animals during the soluble problem is in- 
dicated by the latencies of the eight nonlearn- 
ing rats when confronted with either the nega- 
tive card or the positive card on the preferred 
side on two or more successive trials: Through- 
out the soluble problem these animals showed 
less delay in jumping after a fall to the net than 
after entry and eating. In these comparisons 
the mean latency, over the entire period of 200 
trials, for the response in question was the 
measure employed, since no unusually long 
latencies occurred and only an occasional one 
beyond 90 sec. (the point of administering 
punishment). The distributions of these mean 
latencies were not noticeably skewed, and the 
| test was considered to be an appropriate 
statistic. The mean latency of the first jump 
in a succession of jumps to the negative card 
was 48.6 sec.; the mean latency of the im- 
mediately following jump was 34.2 sec. This 
difference yields a / of 7.96 (p — .001). When 
these Ss were confronted with the positive 
card, the mean latency of the jumps following 
ating on the platform was 28.1 sec.; the mean 
after falling was 19.7 sec. This difference is 
at the .001 level (/ = 7.21). 


also significant 
DISCUSSION 


The data are clear in indicating the opera- 
tion of the posited sequential or aftereffect cue. 
As a consequence it seems reasonable to expect 
that many animals would continue to make the 
same response during the soluble problem as 
during the insoluble problem. The response in 
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question is approaching the food platform, but 
during the insoluble 
mediated by 
Which has been reinforced more consistently 


to the cue of falling into the net and nonrein- 
forced more 


cue of entry 
other cue stimuli. 
soluble problem a 
fallen into the net 
Imost as often as a 
ue because, as long 
ference, the sequen- 
imately three times 
l is reinforced only 
wonder that a rat 
ch and avoidance 


€ present interpretation is in 
finding of Maier and 
ted responses 


SUMMARY 

Because of the jumping 
experiments it is possible th 
may serve as an important cue Which will con- 
tinue to be eflective in the ensuing soluble 
problem, Serving to interfere with the learning 
of a card discrimination, A lypical fixation 


patterns in fixation 
^at a fall to the net 


GLADIN AND M. RAY DENNY 


study, using ten rats on a Lashley eae 
stand, was conducted to test the hypoth 
that this sequential cue was operative. — lace 
The results indicate that learning took P the 
to the cue and influenced behavior pera did 
soluble problem. The eight animals whic P o 
not learn the discrimination quum, s ini 
quickly on the trial following a fall to pes | 
than on a trial following entry and ee 
regardless of whether a positive or nega 
card was on the preferred side. «puting 
The results were interpreted as contribu 
to an explanation of fixation in the rat. 
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DISCRIMINATION ALONG AS 


IZE CONTINUUM FOLLOWING ABLATION 


OF THE INFERIOR TEMPORAL CONVEXITY IN MONKEYS! 


MORTIMER MISHKIN AND MARTHA HALL 


Department of Neurophysiology, Institute of L 


Te recent studies (reviewed in 3) have 
discrimi tated marked impairment of visual 
lesions per. in monkeys with temporal lobe 
theory wh dm evidence presents difficulties for 
to the nee accords an exclusive role in viston 
made puede system. One suggestion, 
defects able by the absence of visual field 
damage a temporal operates, has been that 
essential o the temporal lobes interferes with an 
paten honvisual function, termed a "com- 
total e es or “comprehension of the 
visual aiming situation (2), rather than with 
hvpotl Processes directly. In support of this 
bs dense: Lashley (2) has cited data, gathered 
trained (1), which demonstrate that monkeys 
nip ee on new visual dis- 
nations tons show recovery of other discrimi- 
Such tra Acquired prior to operation; without 
ire. reacquisition of the ape perm 
tional nations is retarded. Since the addi- 
the ra experience was provided on new tasks, 
ited d recovery on the original tasks sug- 
testo n. Ufer of a reacquired get per- 
Y the of the discriminanda, or memen, 
ted | rewarded stimulus, having been unal- 
Giese 
interpre evidence, however, opposes such an 
Senior Station. Riopelle and Ades (7), and the 
E SM auia (4), have shown that temporal 
i. tes may learn or relearn an easy visual 


Seriminad: 
em, ination as quickly as controls, thereby 
RA » t ) 
nstrating successful adaptation to the ex- 


Jeri 

: arke pl procedure, yet subsequently shaw 

Ore FL an in the learning or retention ks a 

rete icult visual problem. These results 

Seri Obtained in studies which employed a 
Of qualitatively different visual dis- 


“ties 
crimi 
Minati P A 
Nations (of objects, hue, brightness, and 
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(t DA-49-007-MD-401 of the Dei artment of 
NY. The authors wish to express their apprec 
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4 e with the surgery and histology. Dr. William 
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pattern), and it might be argued that the 
training which the operates received in dis- 
criminating stimuli differing in a particular 
dimension did not provide the appropriate set 
for the discrimination of stimuli differing in 
another, perhaps more complex, dimension. 
The present experiment attempted to avoid 
this difficulty by providing preliminary train- 
ing on a discrimination qualitatively similar to 
the test discriminations, the stimuli for all 
these tasks differing only along the dimension 
of size. Under such conditions, training to 
criterion on the first stimulus pair should, pre- 
sumably, insure both adequate "comprehen- 
sion" of the situation and the proper "com- 
parison attitude" for discrimination of the 
other stimulus pairs in the series. 

In an attempt to verify results obtained pre- 
viously on transfer between qualitatively dif- 


ferent. discriminations, the animals were pre- 


sented with a visual pattern discrimination 
after they had received the discriminations 
along the size continuum. 


METHODS & 


Subjects 

Six immature rhesus macaques, naive with respect 
scrimination training, erved as Ss for the entire 
An additional group of 15 naive rhesus 
ed on the visual pattern discrimina- 


experiment. 
macaques Was train 
tion only. 


Apparatus 

The apparatus has been described previously (5). 
Tt consisted essentially of an. enclosure for the animal 
ing tray with two food wells, each 1!4 in. 
»aced 18 in. apart; a vertical sliding panel 
aled the baiting of the food wells; and a 
hich concealed £F. 


cage; a tes 
in diamete 
which conce: 
ision screen W 


one-way v 


Sise Discriminalion 

Two animals with ablations of the 
of the temporal lobes (IT-55 and 
' group) and four nonoperate con 


Initial training 
inferior convexity 


and -63) were trained to dis 


tro 
crinii 3 in. and 6 in. in diameter. 
(IT-55 and. IT-58 were arted on the problem 35 and 
10 days after operation, respectively.) The incentive 
was a peanut concealed beneath the smaller disc. The 
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two discs, cut from Be 


averboard and painted flat black, 
were placed in random 


Sequence over the two food wel 
Thirty trials a day Were presented until the animal 
attained a run of 25 cons cutive successes. 
First run. The 3-in. disc (consi tently rewa 
then paired succ velv with a 5-, £, 3! 
33... 3! yin. and finally another 3-in. disc ‘consis 
unrewarded). a single pairing being pr 
successive days for 2. 
beginning with the 3-in. vs 
then repeated so that each 
100 trials on each of the se 
of 28 days of testing. 
irrelevant ects of 


wa 


sented on two 
trials a day. This procedure, 
5-in. discrimination, w 
animal received a total of 
ven pairings over 
In order to Prevent response to 
the stimulus plaques, several 
* prepared and frequently re- 
animal received the identical disc a 


a period 


scs of each size wer 
painted so that no 
second day, 
Retraining and second run, The 
the temporal lobe: was ablated in 
controls (now IT. and IT-63, 
and after a ten-day recover 
Were retrained in 
training and 


inferior convexity of 
two of the original 
“pre-post” group), 
interval all six anim; 
a manner duplicating the initi 
first-run Procedures, 


Reconstructions of | 
Frontal and occipit 
posterior position, are to be p 
directly above, The 
or pul: i 


ns. 


al lobes are 


The ventral views 
not shown 


are bounded by the later: 
The cross sections, numbe 


ead from top to bottom, in reference to the | 
Cross sections 


naris medialis, Black in th 
generation 


through the posterior thalamus are labeled PZ 
N€ reconstructions and cross sections indic 
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Pattern Discrimination 


—Ü' 

Following the second Tun on size discrimination A 
6 animals were trained to discriminate a plus sign m 
an outline square. The disc iminanda, each Nit 4 
area ; Were painted vellow on pats 3 yon 
gray plaques. The animals received 30 trials a € E 90 
this task until they achieved a criterion score MM 
Correct in 100 consecutiv trials, Fifteen ern 
monk that had not had any previou s discrimina" " 
training were presented with the same pe RUNS aris 
crimination. A comparison between the learning the 6 
of these 15 naive animals and the Scores a i the 
sophisticated animals permitted an evaluation O with 
ellects of intensive size-diserimination training. is 
and without operation, on the formation of a qua 
tively different discrimination 


of 3 sq. in. 


-lnatomy 


General surgical 


and 
the same 


as those desc 
exception that the bil 
in one Stage inste; 


atomical procedures. the 
x viously (4), with © 
ibed previously formed 
a the 


ateral removals were pe x 
P p H : g en 
ad of two, The lesions, showr 


al views of the 
red a 
ateral surface 


T 
correspondin? 
ccording to anterio" 
reconstructions place! 
«for pulvinaris lateralis and P 

ates damage; in the thalamus, de 
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reconstructions of Figure 1, are similar in locus and 
pit ad reported in the e: rlier study. To de- 
env ge peus, however, the term “interior temporal 
TALA 3s used in preference to the earlier designa- 
` ral surface,” since both lateral and ventral 
Views are neces: 


lesion. It can 1 ry for a complete representation of the 
sections TA i seen from the reconstructions and cross 
Poral &ülcus i he pole, the banks of the superior tem- 
intact. 5, and the hippocampal formation remained 
iid de thalamic degeneration is minimal and 
df the "a the ventral portion of the posterior sections 
in the m VIDA; l'here is no evidence of degeneration 
ne laterai geniculate bodies. 


RES S 


Size Discrimi 
e Discrimination 


gen for initial learning of the 3-in. vs. 
the x A pa are given in Table 1. Although 
fiet Ost-post operates made approximately 
anima N many errors as the controls, au the 
n 5 attained criterion rapidly. A com- 
h N of these scores with the mean score of 
Fe Naive nonoperales on the plus-square 
dip i ED (see Table 1) indicates that he 
a oo of a 3-in. from a 6-in. disc 5 a 
Smet 1 easy task. This conclusion is con- 

i )y the finding of perfect retention on 
"5 problem for the pre-post operates (as well 


— TABLE 1 
"hing Scores on Size and Pattern Discriminations 
* for Al] Groups 
j ! —S Pattern 
Size Discrimination Discrimination 
Group | initial, |, eig | Initial Training 
ar. | P g 
Nopery "RR 
ates a 
Dre) BS pre 
N-56 ;8 2010] 0 150 68 
Oner: N-39 89 28! 0! 0 120 61 
"ates (pre-post) | 
IT-63 | ssl23l0| 0 | 520 | 210 
Ke IT-57 | 74 27! 0] 0 | 680 258 
Crates (post | 
Dost | 
IT-55 107 46 o | 220 | 9 
Naip, 11-58 | 211| 66 | | o | 470 | 204 
p Nonoperates | | 
uc ae : | 
= pey | | 
Mean | | | 260 119 
Range | | 1130-510 51-245 
3 gt Scores are trials and errors preceding criterion. For the 
5 correct in 25 


YS. (in. size discrimination the criterion was 
the plus vs. square painted-pattern dis 


ive trials; for T 
in 100 consecutive trials 


hinaus 
ation it was 90 correct 
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DIAMETER DIFFERENCE IN INCHES 

Fic. 2. Scores for each of six animals on first and 


rimination. The discrimination 
-in. pairing; /, the 3-in. 


second. runs of size di 
level 2 denotes the 3-in. 
vs. in. pairing; etc. 


as the post-post operates and nonoperates) 
after the ten-day recovery interval. 

Performance curves for each of the six ani- 
mals on both the first and second runs are 
shown in Figure 2. It may be noted that the 
successive differences between the 3-in. disc 
and the others form a geometric progression; 
for convenience, the six levels of discrimination 
are plotted as equidistant, with the 3-in. vs 
3-in. pairings (designated as “0” difference in 
the figure) included for comparison. Perform- 
ance on 3in. vs. 3 in. was close to chance, 
suggesting that the experimental conditions 
were adequately controlled. 

Figure 3 compares the first-run performance 
of each of the two post-post operates with that 
of the four controls. Both groups achieved 
nearly 100 per cent accuracy on 3 in. vs, 5 in., 
gradually diverged to a maximum separation 
at 3in. vs. 3! in., and convergedagain to chance 
at 3 in. vs. 3 in. The inverse sine trans- 
applied to the scores for each 
of the six discrimination th 
transformed data were entered in an analy 
of variance. The results indicate that the differ- 
ence between the operate and control groups 
(F = 3.78 with 1 and 4 df) and the differences 


scores 
formation was 
levels, and 


© Nee Operetes 


© TOR 
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DIAMETER DIFFERENCE IN INCHES 
Fic. 3. Scores for two operates 
on the first run of size discrimina: 
indicates the range of performance 
operate controls, 


and four controls 
tion. Shaded area 
of the four non- 


among the six discriminations (F = 37.60 with 
5 and 20 df) are Significant beyond the .01 
level. The group-by-level interaction does not 
attain significance (F = -78 with 5 and 20 df), 
Suggesting that the operates performed more 
poorly than controls throughout the range of 
discriminations studied. It should be noted that 
a significant interaction in the raw scores may 
have been eliminated as a result of the trans- 
formation, 

Changes in performance 
second run for the three groups nonoperate 
controls, pre-post operates, and post-post 
operates may be determined from an inspec- 
tion of Figure 2, Whereas all groups showed 
gains in discriminating large differences, only 
the controls and post-post operates continued 
to improve as the difficulty of the discrimina- 
tion increased; the pre-post operates, in con- 
trast, showed à decrement in performance at 
the more difficult levels, An analysis of variance 
was performed on the differences between the 
transformed first-run and second-run Scores, 
for each of the last five discrimination levels. 
(Inclusion of the first level —3 in. vs. 5 in 
would have biased the scores of the nonoperates 
in the direction of no change, since both ani- 
mals attained 100 per cent correct on both 
runs.) The results of the analysis of variance 
indicate that the difference among the groups 
is significant beyond the .05 level (F = 24.87 


from the first to the 
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with 2 and 3 df); ! tests run for pite 
comparisons show that the difference betw e 
the post-post operate and control groups 1s by 
reliable, but that both groups differ erri 
from the pre-post operates (/ = 3.00 and ^ i 
respectively, 3 df, one-tailed test; ? ERU 
The other comparison which attains els 
cance is that among the discrimination le in 
(F = 4.70 with 8 and 12 df; p = Dh m 
ing that changes in performance variec jen 
the difficulty of the tasks. The absenc 2i 
significant interaction between groups "n à 
levels (F -96 with 8 and 12 df), pe nt 
suggestion of such interaction in the raw i the 
(see Fig. 2), may again be the result 0 
transformation. 


Pallern Discriminalion 


+ ale on 

Trial and error scores of the six aes 
the plus-square pattern discrimination ar there 
sented in Table 1. It may be noted that thre 
is no overlap among the scores for She uly 
groups, the nonoperates learning most Tapi 
the post-post operates next, and the e per 
operates last. Comparisons between E per 
formance of each of these groups and th «mals 
formance of the 15 naive, unoperated cont ex 
Show that the nonoperates fall at the he 
treme of the distribution of naive pr 
post-post operates are well within the arded: 
and the pre-post operates are slightly m utio” 
falling at the upper extreme of the asino $ 
for the naive control group. The probab lie 
of the nonoperates 
taining such extrem 
05 and .01, respect 


rates ? 
and pre-post qim. i 
e trial scores by sjan p. 
1 > tes! 
ively (two-sample te 


DISCUSSION 


Results on the 3. 
lion confirm 


-— 

. 3 š :ecrimll! 

in. vs. 6-in, size discri! jal 
4 Sae Ý 

an earlier observation (5) 


i 
" 
emo! 
temporal lobe damage may have no ae gl 
strable effect on retention of an easy VE jal 
task, and yet produce į 


á 1 : . jit d 

mpairment in the ! und 
he learning deficit pd 
"as slight, however: : A 


per cent correct before they were presen 
with the discriminatio; 

mize the opportunity. 
difference between tl 
warded discs was red 


ar 
7€ rewarded and u! all 
uced by 4 series of sn 


VISUAL DISCRIMINATION AFTER TEMPORAL I 


ips ee continued to discriminate 
tiea rr ie: series, their performance indi- 
tion ae equa , rather than an abrupt, transi- 
less, the oe scores to chance. Neverthe- 
on the cee ormance of the post-post operates 
on the aa and of the pre-post operates 
formance o " ten (as compared with their per- 
the exists he first), fell significantly below 
Controls scone measures. for the nonoperate 
as an nin finding, which may be expressed 
usse E difference limen for visual size, 
impairment that temporal operates may show 
‘ven after (| on a discrimination continuum 
nate stimuli wd have been trained to discrimi- 
The ipn: | ering in the relevant dimension. 
discriminati training provided on the size 
POst-post ¢ ions did appear to facilitate the 
disctimination tr performance on the pattern 
Within the em their learning scores falling well 
“No perated range of scores obtained by naive, 
ODerate n animals. However, the two non- 
"apidly b igo learned significantly more 
heir ined, the naive animals, maintaining 
he ORO penre G over the operates. Without 
*d to the TRI controls the results might have 
Operated Mu en conclusion that training 
beh on one task produced com- 
The in js in their performance on another. 
the iem plication of these results is not that 
Nei operate's performance is per- 
Petiog w, impaired (a more extended testing 
l would be required to clarify this point), 
mp that a general readaptation to 
8 is insufficient to overcome the deficit. 


anj 


T SUMMARY 
when PUTPose of the study was to determine 
minas not impairment in the visual dis- 
Coulq m performance of temporal OA 
R imui overcome by preliminary training W i 
r 0 qualitatively similar to the test stimull. 

Operated and four control monkeys were 
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trained to discriminate a large difference in 
visual size and were then presented with a 
graded series in which this difference was 
gradually reduced. Following this training, two 
of the original controls were operated and all 
six animals were retrained on the largest differ- 
ence before receiving the discrimination con- 
tinuum a second time. Although the temporal 
operates rapidly attained the criterion of 100 
per cent correct on the initial size discrimina- 
tion, their scores on the subsequent size dis- 
criminations fell significantly below the scores 
achieved by the nonoperate controls. This im- 
pairment may be expressed as an increased 
difference limen for visual size. The results are 
interpreted as providing evidence against the 
view that a loss of a “comparison attitude" or 
of “comprehension” of the training situation 
accounts for the impairment in the visual 
discrimination performance of temporal oper- 
ates. 
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Neuropsychiatric Institute, 


al cortex are not 
vidence has been 
of the hypothesis 
tal areas is essen. 


€sponse in a Sequential pat- 
tern of behavior which, although 

when made, would be Correct later in the 
Sequence. Carpenter (1) Suggests that 
intact frontal Cortex exercises an inhibitory 
influence upon this type of error and that with 


f, or damage to, the frontal cortex this 


hed so that anticipatory 


Stellar, Morgan, and Yarosh 
(9) and Epstein and Morgan (3) have pursued 


quiry with the more general 
the frontal areas mediate some 
“symbolic processes.” The proper functioning 
of these Processes is regarded by them 
sary to the carrying out of 
and interference with the 
make the series of responses in 
order, Maze-choice 
lems have b 
potheses, 
Certain met 
implicit in the 
anticipator 
the 


incorrect 


the 


as neces- 
a behavior sequence, 
m results in failure to 
the correct 
and Tate-of-running prob- 


een used to examine these hy- 


hodologica] requirements are 


testing of the hypothesis that 
y errors increase following injury to 
frontal cortex, It would appear to be 
mandatory that the problem be 


designed so 
that, at those points at which anticipatory 
errors are Predicted, other errors of a non. 
anticipatory nature 


are available to the animal, 
he anticipatory errors may 
then be evaluated More legitimately. The im- 
portance of this may be inferred from exami- 
nation of reports already extant on the prob- 
lem. Carpenter has described the evidence 


The Significance oft 
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adictor: 
accumulated todateassomewhat oh ge n oij 
and contrasts his own results amo the dt 
Jacobsen (5) and Crawford (2) T sugee 
obtained hy Epstein and Morgan. He one in? 
that the latter, who used speed of spat 
Straightway, were not measuring ped hav? | 
in the sense in which other hese ant | 
defined it. He interprets his own «dicate 
those of Jacobsen and of Crawford js “produc | 
that extirpation of the frontal areas E 


ast 

$ as rele? 
Š as 

a behavior which can be described 


e od out 
from frontal inhibition.” It can be Ein he 
however, that the only errors ip of th? 
animals in these studies were, by vir tici 
Apparatus and experimental design, ilt to í 
tory in character, Thus, it is dillict loss ^ 
sure that. these errors represented m wi I 
Some kind of inhibition or whether Ee the? 
Simply erroneous responses. The fact by voie 
errors occurred more frequently ip than f 
points in the middle of the e 0 i. 
the beginning or end may be a reflec habi b 
relatively greater instability of iy passi"? 
these points. Tt might be observed P yosition 
that a possible tendency to make E eren 
preference errors when a ipe um p 
position habit has been Mower ^ jo 
operate to cast doubt upon the m j 
of data gathered in this kind of proble nade a 

In this study an attempt has been m^ — 


ahin 
: ; sis with”, c 
test the anticipation SANE, " mi 
methodological framework intende 
mize these ambiguities, 
METHOD 
Subjects 00 


er 
The Ss were ten naive, male albino rats dm io” 
days old; two animals failed to survive the ape ol da 
They were maintained in the animal quater ie I 
Neurophysiology ahoratories, Neuropsvchiat 
stitute of the University of Illinois, 


Apparatus 


A modification o 
(sce Fig. 1). Tt consi: 


Lu Fields’s 


SMVDA (4) was 


as col 

»nsisted of an ley, 6 ft. by 4 it. wit! 
Sneton ob iin Plywood and painted inside ne» 
Delta Milwaukee Machine gray. enamel. ‘The i 
was divided by hl 


ack, lateral ns into four © Ly 
compartments. Into each 


r u 
1 screen were cut four el 


ERRORS FOLLOWING FRONTAL LE 


ENTRY 


J 


Fig, 


Xes sition of entry and goa 
s TER 


Main alleyway 
"ated by labels. 


Ced g 
a " - 
tteq wir üres 4'3 in. square. Each aperture was 


ith a trap door upon which was painted 
a disc, a cros 


The symbols used we 
v diamond, and three vertical stripes 
Scre Were inte le so that their pos tions 
Ing rode could he varied at will. A series of brass 
doors f and cotter pins was used to secure the 
E hile ee behind so that any three could be 
coul ins fourth, resting vertically on its own 
be pushed ov with gentle pressure, 
pets access to the next compartment. A 
OX under the control of Æ gave admission to 
ang p Partment while the unlocked door in the 
final screen led into a feeding goal box. 


) 
L 
Oç edure 


b ^ do ors 


hang 


doors was arranged so 


hie 

[ 

" Sec ` f 

at; ence of unlocked T 
quired to 


\ Order to reach the goal bos. 5 w: 
cr and displace the striped door in the first 

Ns in succession and the door marked with 
in anig fourth screen. To eliminate any position 
€ relative position of the doors in each screen 
he bang after each trial in accordance with a 
í "lese ved from a table of random numbers. An 
Tough Prin] was recorded whenever an 5 passed 
org N the alley without touching any of the locked 
top Contact with any locked door was scored as an 
"bj, he animals were maintained on a 22-hr. food 
tye ion schedule and on reaching the goal box 


"bre 
x 
T 


oh mitted to eat for 2 min. from a bowl of wet 
Consisting of one part Purina Dog Chow to one 
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part water by weight. For the purposes of this experi- 
ment the sequence was regarded as learned when S 
succeeded in completing without error nine out of 
any ten consecutive trials. 

Before introduction to the main alley a brief period 

of pretraining was given in a 36-in. by S-in. runway in 
which were two plain black trap doors leading to a 
goal box. This was intended to facilitate the acqui 
n of the trap-door-pressing response without af- 
fecting the discrimination and sequence aspects of the 
main apparatus. Twenty-five trials were given in this 
pretraining period. 
As each animal reached criterion in the main alley- 
way, it was returned to ad libitum feeding for three 
days and then med to either the control or the 
operative group. Animals were assigned on the basis of 
the number of trials to reach criterion so that the 
groups were matched for rate of acquisition. On the 
fourth day the lesions were performed on operative- 
which were then rested for a ten-day 
recuperative period. 

The cortical lesions were made by a technique es- 
sentially the same as that described by Richter and 
Haw Under Nembutal anesthesia an inc 
was made in the mid-line of the scalp. The fascia were 
removed, the coronal suture was identifiel, and two 
holes were drilled bilaterally at a point approximately 
3 mm. anterior to it. The meninges were pierced with 
a sterile needle and the cortical tissue removed by 
ire through a gl The cannula 
was manipulated as far or to the drill 
and care was taken not to remove tissue pos- 
Two animals died during 


T 


group anim 


es (7). 


negative pre: 


s po: 
holes, 
terior to the point of entry. 
operation, apparently because of the inadvertent use of 
deteriorated Nembutal. For the first five days post- 
operatively the animals were fed a diet of milk, bread, 
and ground carrots. During the remaining five days 
they were returned to the 22-hr. deprivation schedule. 
Animals assigned to the control group spent the 
me period at rest and subject to the same feeding 


schedule. On the eleventh postoperative day trials 
were resumed in the main apparatus. T! hese trials, like 
the original series, were run at the rate of two per 
day and extended over a period of twelve days. On 


the brains of the operated animals were 
A total of four operated 
ed for inclusion in the 
lesions. are 


completion 
arved in formaldehyde. 
ntrol animais rema 
Diagrammatic maps of the 


re 2. 


pres 
and four c 
final data 
given in 


RESULTS 


analysis of the results follows the ac- 


The 
cepted 
errors. The anticipatory hypothesis demands 
that when an operated animal makes an error 
in the first three screens, this error will be most 
frequently that of choosing the trap 
marked with a disc, this being the correct 
choice at the four th screen. Anticipatory errors 
of this kind are to be expected to increase in 
ncy at the second and third screens. It is 
essary to show that this error is made 


convention, being based on first-choice 


door 


freque 
also nece 
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Fic. 2. Brain maps of 


with significantly greater frequency by the 
operated animals than the control animals. The 
distribution of first-choice errors by both 
groups at each screen is given in Table 1. 

The statistical problem here is to decide 
Whether the obtained distribution of first- 
choice errors between the two groups is 
random, or whether it varies with presence or 
absence of cortical injury. With a group of this 
size, Providing data which are not independent, 
it was felt that nonparametric statistical 
analysis would be justified. This has been 
achieved by ranking each § according to the 
frequency of its scores on each variable, and 
testing the arrangement of the ranks with the 
Mann-Whitney U test (6). Rankings have been 
made on the basis of (a) anticipatory first- 
Choice error Scores at each of the first three 
Screens, (b) perseverative first-choice error 
Scores at the fourth Screen, and (c) total errors 


made at each Screen. The values of p obtained 
are given in Table 2. 


Inspection of both tables shows that no 


positive conclusions may be drawn regarding 
the incidence of anticipatory errors. It should 
be noted that the operative group did produce 
more anticipatory errors at each of the first 
three screens than did the control group. The 
failure of these differences to reach conven- 
tional levels of statistical Significance cannot 
be regarded as sufficient evidence to refute the 


operated animals, 


TABLE 1 - geret" 
, sat Each 9*7 
First-Choice Errors of Both Groups at Ea 
First-Choice Errors : 4 
Sereen Group piamo™ 
Stripes Disc | Cross a 
= —- 2 
1 Oper. 9 ¥ 2 
Cont. 1 0 
2 Oper. 1 0 0 
Cont. 0 0 0 
3 Oper. 14 0 2 
Cont. 8 0 9 
+ Oper. 49 6 1 
Cont. 12 0 


TABLE 2 aipat” 
Values of U and b for Rankings Based on Anti 
and Persevi 


V 


ative Errors 


Screen Errors U p ‘ 
| 10" 
1 Antic. 2.5 > 
Nonant. 0 
2 Antic. 6 
Nonant. 8 | 
3 Antic. 4 
Nonant, 6 
4 Persev, 0 
Nonper, 4 


T" 
hypothesis under examination, On the ee 
trary, the fact that the differences obtained asi? 
in the direction Predicted by the hypoth 
might be regarded as evidence in its [a vor. 
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ecd eka aa differences at an ac- 
respect to i a igniticance are found with 
tive” eons erative errors. By "persevera- 
Would haye be. db Store pi choice which 
Sequence, Boe correct at earlier points in the 
Striped Vener Se the choice of the 
Rune rd fourth screen is the only 
is apparatu SEEOT which can be made with 
Nees do at = m similarly significant differ- 
t the fourti pus with respect to other errors 
he Derseve s screen, it seems safe to infer that 
ects of t Du errors are attributable to the 

he 


2 
E 


lesions. 


The inte DISCUSSION 

Nese data SSHEER which may be drawn from 
üre insufficies twofold. In the first place they 
"Sons of a to refute the hypothesis that 
Micipator HE frontal cortex are followed by 
sk. If uj Y errors in a serial-discrimination 
b bo he simple number of such errors made 
Oth groups is taken into account, the data 


Point 

inste: . 

typothe cad toward a trend in favor of the 
Signig Sis. However, the lack of statistical 


“One ee these differences compels the 
ate not MES nat the findings of previous studies 
cnn challenged. 

Menon ( ^ inference relates to the phe- 
Ste tot d perseveration. Perseverative errors 
signe he clearly related to the effects of the 
st valu As an aid to interpretation it might be 
of us to provide a nonquantitative account 
tate _POStoperative behavior of the operative 
luite typically the animal, when first 
X the "s starting box and then admitted 
"area , ^C compartment, displayed rapid and 
los, PProaches to the trap doors. It tended 


1 $ 

tray oe Sometimes not, and often touching the 
th : 90r so gently that it failed to fall. When 
t ern trap door was finally opened, the 
Vitho ually ran into the next compartment 
trap "t delay and went straight to the correct 
to 90r. The correct response was continued 
Nee * fourth screen, where its incidence is re- 
alread w the high total of persevetatve ers 
Mpa Y reported. The contrast Between the 
hays Tent “randomness” 9! the animals’ be- 
bee at the first screen and their highly 
w ve behavior at the subsequent screens 

p Most striking tO the observer. 

tg ÍS possible that this behavior might be akin 
Nat reported by settlage, Zable, and Har- 
be (8). They interpret the problem-solving 
Vion of prefrontal monkeys to indicate 


105 


that “... the phenomena of perseverative 
interference will be encountered when success- 
ful adaptation requires that a pre-established 
set be suppressed or modified." The present 
data may perhaps support the same type of 
interpretation. However, at the present time 
they can do no more than suggest bases for 
speculation and problems for further study. 


SUMMARY 


1. The distribution of anticipatory, non- 
anticipatory, and perseverative errors in a 
serial multiple visual discrimination problem 
was investigated in rats following lesions to the 
frontal cortex. 

2. No significant differences were found in 
the incidence of anticipatory errors between 
operative and control groups. 

3. Significant. differences were found in (a) 
the occurrence of perseverative errors and (b) 
total postoperative errors made. In both cases 
the operative group demonstrated the higher 


frequency of errors. 
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"EDT? N! 
ENETRATING INJURY TO THE BRAI 


SIDNEY WEINSTEIN 


Psychophysiological Laboratory, YN, 


Studies concerned with 


the role of the 
Sensory cortex in t 


actile size Judgments are 
exceedingly rare, and the results paradoxical, 


Blum, Chow, and Pribram (2) reported no 
permanent deficit in tactual size discrimination 
in six macaques after parietal lobectomy in 
one animal, temporal lobectomy in 
and párieto-temporo-preoccipita] abl 
the remaining four. There was, however, 
Severe impairment of other tactual functions in 
the same animals since four of the six were 


another, 
ation in 


completely unable to relearn roughness dis- 
crimination and three lost the 


ability to dis. 
criminate weights, 


Reports for m 
Evans' (4) finding 
cortical ablation 
function" show 


an are somewhat different. 
sin four patients with limited 
and “marked logs of [sensory] 


a greater impairment for size 
judgment. Whereas “weight sense” was 


“normal” in one patient and recognition of 
form, shape, and texture preserved in another, 
recognition of size was affected in all. He 
the other hand, studying 16 
cortical lesions, states that 

nate size and weight are 

757), and whenever sensat 
preciation of size is lost (5, 

These conflicting 

studies performed on 
ing three different tes 
Le., “test tubes” (4), 

lar pieces of leather” 
these studies made 


ad, on 
patients with 
abilities to discrimi- 
lost together (ip: 
ion is affected, ap- 
p. 589). 
Teports are based upon 
two species and employ- 
ts of size discrimination, 
circles” (2), and “circu. 
(5). Moreover, none of 
Systematic use of bilateral 
testing, a technique which has been shown to 
be particularly capable of revealing sensory 
deficits (1, 3,6, 7,8, 9). 
Using bil 


ateral (successive 
stimulation, 


and simultaneous) 
the present writer has demon- 
Strated (9) that brain injury causes a constant 
error between the Supported hands for judg- 
ments of weight, and that the direction of this 


constant error depends upon the somatosensory 

' The program of research of which this study is a 
part is supported by the Commonwealth Fund of 
New York, and by the Office. of the Surgeon General 


(Department of the Army), Contract DA 49.007 MD- 
312. 


e Fork Uniersity-Bellezue Medical Center 


ain 
à E is, in a bra 
Status of the patient. That is, in » deficit, 
injured group without somatosensory 


rain 
: ateral to the b 
weights on the hands contralateral to those 0? 
E H "E o > an H 
lesion were perceived as lighter tha ith 


i 
the homolateral hand: by contrast, a " 
brain injury and somatosensory ame 
ceived weights on the affected hand a3 while 
than those on the normal hand. dei was 
Presence of deficit in weight i Ai tacit 
unrelated to presence or absence is tion 9 
deficit otherwise determined, the Lum y 
error in weight judgment was signi 
related to the Sensory status. iment 

The purpose of the present d ficit 
to determine the relation of tactile i ouod 
size discrimination and to compare the 


eight jud 
with previous data on size and weig 
ment. 


was 


METHOD cnc 


e id 


^1 J " jd 
The Ss, apparatus, and liscrimi"* 


With those of 
tion (9) and 


procedure wer 
H vei € 
an earlier study of weight 
are briefly described below. 


Subjects : loye! 
sere emp!™ y 
Four groups comprising 15 Ss each w ere m soma 
one group with brain injury and evidence od sens? it 
Sensory impairment of the hand Orain ed ho^ 
group); the second with brain injury, T me hat 
evidence of somatosensory impairment of um wil! 
(brain-injured nonsensory group); the hin (ar 
injury to peripheral nerves supplying the hanc her? 
injury group); 


the fourth, 


rip 
with injury to perl 
nerves of the leg (control gre 


oup) 


Apparatus 


The stimulus ol, 
two identical soli 
weight of each s; 
in diameter, The stimulus 
above the supinated palms 
from view. The Presentation ¢ 
by a bank of four 
timers, by energizing 


LR 
jects employed in this study Th 
> Circular bronze cylinders. 
as 103.6 gm.: the bases were E t ec 
Objects. were n 
Of S, and were "sal 
^f stimuli was cont ne 
decade electronic timers. 


and de-energizing two sole 
controlled the order, duration, and interval be 


the placement of the stimulus Objects upon S’s Dt 
By means of three sw: ches, the (i. 

regulated so that: right balin 

first, and the left, second; (b) vice 
ms were stimulated s; 

suci ve conditions § was 

the comparison (second) st 
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: «tlt 

timers cou la 
stimuli 

was stimu o 


SIZE JUDGMENT AFTER BRAIN INJURY 


Or sj 

ous en He standard (first). In the simultane- 

stimulus obje » was required to state whether the 

Smaller than mol the affected hand was larger or 
hroughout e ons on the normal hand. 4 A 

only one size an T experiment a pair of obiects of 

tion of contact d weight was employed, and the dura- 


Constant e of the stimulus with the palm was kept 
Physical id Sec. At no time was S informed of the 
a identity of the stimuli. 


Experi 
vperimental Design 


TEs asec 

mens timent consisted of extensity (size) judg- 

N the s d two identical stimuli. 

Were in uccessive conditions, five time intervals 
the standard and com- 

All 


re used in ea 
» And each was repeated five times 
lons, An 3v Judgments in the two successive condi- 
WaS the ny S score for the suci > conditions thus 
Object 5 imber of times in 50 trials that the stimulus 
an that ous affected hand was judged to be larger 
ANeous condi ag normal hand. His score for the simul- 
Wlements Dn was the number of times in ten 
hand Was j that the stimulus object on the affected 
aS Judged larger than that on the normal hand. 


conditions 
a total of 


t; 


T RESULTS 
& e Ee tipal eflects investigated in this 
le a cob and those of: (a) Locus of lesion, 
of Sone of the group according to the 
oral. , rain injured (frontal, parietal, 
» Or occipital lobes); the right or left 
hemisphere; and the groups with 
eve E. nerve injury of the arm or peripheral 
raining, of the leg. (b) Symplom, 1.¢., a 
Paine Jed group with somatosensory 1m- 
Without « of the hand, a brain-injured group 
Above. such impairment, and groups with the 
Congiganentioned peripheral nerve lesions. (c) 
Suce ey of stimulation, i.e., simultaneous or 
Ive presentation of stimuli. 


lobe 


En 
lys; 
s 3 , 
VS by Locus of Lesion 


] 
wd hen Ss were grouped by locus of lesion, 
bets of results revealed no constant errors 
Wag s the hands for judgments of size. This 
si ue for all groups, whether successive or 
&neous stimulation was employed. 


An : 
‘ysis by Symptom 
t a this analysis Ss were grouped according 
of eir Symptoms, rather than presumed locus 
sea, in lesion. Neither the brain-injured non- 
“ibh TY group, nor the DO stops with pe- 
ral injury showed à significant constant 
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SUCCESSIVE LARGER 


o 
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3 05-- 
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ra 
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Fic. 1. Constant errors for size judgment. Levels of 

gnificance from chance are .05, .02. Means of succes- 

sive and simultaneous conditions for brain-iniured 
sensory group differ at .01 level. 


error between the hands for size judgment. 
This lack of constant differences between the 
hands held true for both the successive and 
simultaneous conditions of stimulation (Fig. 1). 

The brain-injured sensory group, however, 
significantly underestimated the size of the 
stimuli applied to the affected hand in the 
simultaneous condition but did not demon- 
strate any significant error for the successive 
condition. The two conditions differed at the 
01 level of confidence for this group alone, the 
simultaneous condition effecting underestima- 
tion and the successive condition tending to 
cause overestimation. Tt should be noted, how- 
ever, that despite the difference in direction of 
the constant errors obtained in the brain- 
injured sensory group under the two conditions 
of stimulation (Fig. 1), those Ss who gave rela- 
tively more "large" judgments under one con- 
dition tended to give more “large” judgments 
for the other, the correlation being .46 (falling 


short of the .05 level of significance). 
The correlations between the successive and 


simultaneous conditions of stimulation were also 
positive (and significant) for all other groups 
(.57 for control group, .67 for arm-injury group, 
.65 for brain-injured nonsensory group). 


DISCUSSION 


It is of interest to compare the results ob- 
tained in the present study of size discrimina- 
tion with those of a study of the same Ss for 
weight discrimination (9), and with those of 
earlier reports (2, 4, 5). In both of the present 
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authors studies the two peripheral 


nerve- 
injured groups 


showed no constant differences 
between the hands for size or weight judgment. 
The brain-injured nonsensory 
Significant underestimation for v 
brain-injured sensory group sh 
mation for weight and under 
on the hand opposite the 
Since all our results 


group showed 
veight, and the 
owed overesti- 
estimation for size 
brain injury. 

were obtained under 
identical conditions (stimulation of both hands 
simultaneously or in succession) and in 
same Ss, we can compare the 


ment of weight and siz judgments in our 
group. Such a comparison shows si snificantly 
more errors for weight than for size in our 
brain-injured Ss, 

While these results obt 
testing cannot be eq 
tions made on unil 
the present result 
unilateral testing) 
and do not parall 
(4, 5). Blum, Choy 
considerable resilie 
monkeys after cort 
mals showed 


the 
relative impair- 


ained on bilateral 
uated with earlier observa- 
ateral tests, it is clear that 
S parallel those found (on 
in subhuman primates (2) 
el earlier findings for man 
v, and Pribram (2) reported 
ncy of size discrimination in 
ical ablations; the same ani- 
more persistent deficit 


in dis- 
crimination of weight and other stimulus 
attributes, By contrast, Evans’ results for man 
(4) apparently differ fron 


| ours, since in his 


group of cases it was size discrimination that 


seemed to be most vulnerable 
lesions, However, Evans Studied a smaller 
group of cases, did not include controls, and 
employed only unilateral testing. It would 
seem that our present result indicating that 
discrimination of Size is less affected than that 
of weight is more representative of the 
stability of these functions afte 

The greater vulnerability 
ments, by our methods, w: 
Head's Studies, which we 
unilateral testing. 
When sensation 
lost. Since in the 


lo cortical 


relative 
r brain injury. 

of weight judg- 
as not apparent from 
re based primarily on 
Head (5) has Stated that 
is affected, size judgment is 
198 Present study only the brain- 
Injured Sensory Stroup showed a defect in size 
judgment, Our results would indicate that 
neither Sensory deficit (as is found in peripheral 
nerve injury) nor brain injury without such 
impairment can Cause a deficit in tactile size 
judgment. A combination of both brain injury 


and sensory deficit proved necessary 
these conditions. 


under 
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T 
sciation 0 

Head further reports that appreciatt e 

and weight are disturbed toge 


e 
1 i sociati f sy oms hi 
Whereas this association of mpt the 


true for the brain-injured sensory PENDE 
brain-injured nonsensory group Aeman ed 
a significant deficit for weight (9) but pur 
size judgment. In addition, only the scat 
injured nonsensory group showed per 
positive correlations between size oe thes? 
judgments. This again indicates tha 5) hi 
functions are not as similar as Head (5 
indicated, at least if tested bilaterally. 
Moreover, these functions differ in pram 
ways than their differential resistance to ; 


more 


ory 
: ‘sired sens 
injury. Whereas the e et hand % 

- H fecte a ' 
group felt the weight on the affected 


they 
3 ) and, t? 
heavier than that on the normal hand, 


10) 
R ; or. This relat? 
also perceived it to be smaller. dd in 
might at first seem to be best cue Í 
terms of the size-weight illusion. Ho e 


here 
the size-weight illusion were operating P 
one would rather expect a negative ape the 
between the perceptual magnitudes Dg 
stimulus objects. size 


and weight. s were 

E» ET xlations i 

positive (but non gnificant) correlati¢ T) 
found be 


tween the constant errors of a 
modalities for the brain-injured sensory i NEU 
The brain-injured nonsensory aang 
tended to perceive the object on the " wh? 
lateral hand as smaller, and, contrary : a 
might be expected from the paradigm $ 
size-weight illusion, the weights were per 
as lighter by this group. 
In conclusion, 
more 


ed 
je 


«ht 
gn 
S ie Ms WEB p 
brain injury affects he 


than size judgment, regardless ensoff 
presence or absence of resulting somatos' res It 
symptoms. If the brain injury does pne } 
in Somatosensory impairment of the alone’ 
then ability to judge weight is affected srs ) 
if the. brain injury results in Somatos". aft 
defect, then both weight and size judgme? nd 
affected. The latter association of deficits "s (3) 
under those conditions supports Head * the 
conclusion concerning the relation 0 pe 
abilities to judge size and Weight. However y 
failure of all but the brain-injured nonsen? s 
group to demonstrate Significant correlat? p 
between these functions, andtheoverestimä he 
of weight with underestimation of s 

Sensory group implies less Similarity of tl 


functions, when tested by these methods, t 
Head has reported, The 


ein 


1 

Si 
ofi 

greater relative de! 


sa RE size discrimination following 
ings of i is in contradistinction to the find- 
those of ‘hie (4) but in close agreement with 
PARN ber C how, and Pribram (2). It may 
judge Eds 2 that after brain injury, ab lity to 
deen bilateral stimulation) is less 
of weight 5 SAO and less impaired than that 
tude of ae hat the direction and magni- 
depends y constant error between the hands 
and th ipon both the mode of stimulation 
ne stimulus attributes. 


i SUMMARY 
- Constant errors between the supported 


ha; 

nds, das i 3 I " 
Were d On estimation of relative tactile size, 
ate determined for four groups of 15 Ss each. 


dus, Bore consisted of veterans with: (a) 
Somatosen brain _ injury and consequent 
Matic Seen deficit of the hand, (b) ta, 
deficit A injury without such somatosensory 
d peri C) peripheral nerve injury of the arm, 
tipheral nerve injury of the leg (controls). 
oyed: ( e uaa of stimulation € 
Simu PAR stimuli were applied to both hands 
Stimulus PRA, and (b) the comparison 
aplication is applied to one hand following 
ation of the standard to the other hand. 
Jànds "dA dd constant errors between mt 
‘jury es found only in the group with brain 
“erated e somatosensory deficit. T his error 
the Size to cause relative underestimation of 
When ps the stimulus on the affected hand, 
at | hands were simultaneously stimu- 


ed. 
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4. Comparison with results of a previous 
study of weight judgment on the same popu- 
lation indicates that after brain injury, size is 
less frequently affected than weight judgment 
and is less impaired. 


1. BENDER, M. B. inction and precipitation of 


cutaneous sensations. Arch. Neurol. Psychiat., 
1945, 54, 1-9. 
2. BLUM, JOSEPHINE (SEMMES), Chow; K. L4 & 


ral analysis of the organi- 
zation of the pariet emporo-preoccipital cortex. 
J. comp. Neurol., 19 93, 53-100. 

3. CriTCHLEY, M. Phenomenon of tactile inattention 
with special reference to parietal lesions. Brain, 
1949, 72, 538-561. 

4, Evans, J. P. A study of the sensory def 
ing from excision of cerebral substance in humanis. 
Proc. Ass. Res. nerv. ment. Dis., 1935, 15, 331- 
366. 

. Heap, H. Studies in neurology. London: Oxford 
Medical Publications, 1920. 

6. Oprenneim, H. Ueber cine durch eine klinisch 
bisher nicht verwertete Untei uchungsmethode 
ermittelte Form der Sensibilitütsstórung bei 
cinseitigen Erkrankungen des Grosshirns (Kurze 
Mitteilung). Neurol. Centralbl., 1885, 23, 529- 


533: 


Pripram, K. A be 


ts result- 


un 


7. PoPPELRE R, W. Die Psychischen Schädigungen 
durch Kopfschuss im Kriege, 1914-16. Leipzig: 
Voss, 1917. 

8. TevBER, H. L., BENDER, M. B., & Barrerssy, W. S. 
Discrimination of weights in men with penetrat- 
ing lesions of par tal lobes. Fed. Proc., 1950, 9, 
125-126. (Abstract) 

9.. W: , S. Weight judgment in somesthesis 


after penetrating injury to the brain. J. comp. 
physiol. Psychol., 1954, 47, 31- 


Received May 14, 1954. 


THE RAT 


"S ADJUSTMENT TO 23-HOUR FOOD-DEPRIVATION 
LYNE STARLING REID axp FRANK W. 


CYCLES 


FINGER 


University of Virginia 


frequently maintained on a daily 


food-depriva- 
tion cycle, 


With perhaps 60 min. of free in. 


"s observation, The 


ys at the same drive 
in this example as 23-hr. 


It is generally accepted that intersession uni- 
formity in motivation is Possible only after the 
animal has been given an opportunity to adjust 
its feeding and metabolic patterns to the im- 
posed schedule, A critical methodologica] 
question immediately arises: How long must 
the animal be kept on the 23-hr. deprivation 
cycle before requisite adjustment is 
achieved? The answer expressed in practice 
varies somewhat from experiment to experi- 
ment, but with the Tat usually falls Within the 
range of 5 to 10 days. Whether Or not such a 
preliminary adjustment period is judged to be 
sufficiently long to insure the same level of 
drive on the successive experimental days may 
depend upon the measure of drive adopted to 
test the Presumption, Body Weight, strength or 
amount of consummatory response, and 
amount of running in an activity wheel have 
been variously used as indicators of drive state, 
but certain observations led us to doubt that 
these always remain parallel. [t seemed de- 
sirable, then, to follow Several Standard meas. 
ures of drive as they fluctuated during an 
extended period of rats’ subsistence ona 23-hr, 
deprivation Schedule, The data to be presented 


of Nonequivalence of the 
» according to at 
adjustment period is 
animals to a reason- 


EET 15-day 


dring the 
ably steady state, 


METHOD 

In essence the Experiment ex 
tion to and recov ry from a 3 
food-deprivation cycles in teri 
intake, body weight, total d 


amined the rat’s reac- 
S-day period of 23-hr. 
ms of food and water 
aily activity in the running 
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iately 
immediate? 
wheel during the hour imm 


and activity A 
preceding feeding. n digits wheel 
Apparatus. The battery of eight. acti jl. are de 
and the methods of environmental conn significat 
scribed in detail elsewhere (1, 2). The pm to the 
change was the shift of the 12-hr. light phas 
3:00 s. to 3:00 peat, period. ; | Wistarstf 
Subjects. The Ss were albino rats of pure inf of y 
approximately 150 days old at the PE matche’ 
experiment. The xperimental group anc sight anim?" 
control group. were originally igned. e A 3 
each, but one experimental | led to NM in 25 
Procedure. The c. eriment was conduc 12/26/82) 
sections (5/2/52 to 7/7/32 and 10/20/32 to ible. Ea 
with conditions duplicated as clos 
of these equivalent sections con al and four ^i 
sive phases: (a) The four experimenta EK perio’ d 
trol rats were first given a 10-day kattua Ey a » 
the. activity Wheels, Food (Albers Calf gon ` 
water were always av ilable, replenished si 7 
fore the daily dark cycle 
followed a 10. 
normal activity rid 
determined for ch rat under ad libitum Se pres 
At 12:40 p. on each day the à tivity of t CER | 
as recorded from the Veeder cu notet: 
at 1:40 the intervening hour’s activity ie Ñ 
Between 2:40 and 3:00 the food that NR igea ion 
weighed to permit calculation of the 24-hr. al 


00€ * e 
; s recorded: the fc er 
the day's Water intake was recorded; K 


ail 


n 


litio 
ed 


mde Me 
Water containers were refilled; the pei n 
Weighed; and the nece ary cleaning Was ce oe st 
next 35 days constituted the deprivation gerne we 
this time the experimental animals’ food € id on U. 
removed each day at 2:40 par. and Tie of. recordi!y 
following day at 1:40 pat. The hedule of sures | 
continued uncha aged, thus providing daily Pd duri 
the running ac ity during the total 24 hr. Mate i 
the hour beginning 22 hr. after last eating; V reedi”? 
take during 


the day; food intake during the ement 
hour; and body weight after eating. The m 1 those $ 
operations for the control rats reproducec were T 
the base-line period. (d) Finally, the rats « for f 
turned to the ad libitum base-line conditions 
11-day recovery period 


RESULTS ler” 

R à &. day oer. 

To emphasize major trends. the 35-day, day 
$ D- 27 

rivation phase is divided last 

and compared with the l 


3 
5 


into seven < 
periods (I-VII), "s 
base-line days. Each rats mean for a give 
days is first computed, an; s 
several rats’ means then determined, Tabl, 


Sud "neri 
presents these medians fOr the seven exp 7 
mental and the eight Contro] Ss, for the me? 


4€ 


l the median 0 


RAT'S ADJUSTMENT TO FOOD DEPRIVATION 


TABL 
Effect of 23-Hr. Food-Depriv: 
See (Medians of individual* means 
, Body Weight Food Intake Wi 
Period (gm.) (gm.) 
—— Exper. Control Exper. | Control Ex] 
310 18.2 18.2 32 
282 6.8 18.6 20. 
252 8.5 18.0 18. 
229 9.0 18.8 21. 
223 11.0 19.9 19. 
229 11.9 20.1 29. 
223 11.2 18.9 26. 
214 11.4 19.8 26. 
Pee X ci cmebXTÉ 


ures of } 
lota] 2 
Jour 

Cedin 


body Weight, food intake, water intake, 
t-hr. activity, and activity during the 
Immediately preceding feeding (*pre- 
vo Chour activity”). It is clear that the 
line : Oups, closely similar during the base- 
during (on differ sharply in all measures 
Ment A Ne seven periods of differential treat- 
tivi, d that at least the 1-hr. prefeeding 
Casin, o, the experimental rats is still ii 
oye i the end of the 35 days. In T able 2 
trace i by the seven experimental animals is 
tio Or the first 11 days after their restora- 

conditions; the daily 


to g ias 
Media. ° ad libitum 
a 
the ep ye the experimentals are compared to 
lata for the first 


three op bined control group € d 
Median these days and to their own base-line 
trends 5. Of greatest interest are the shifting 
lays T In activity during the first few recovery 

Ve and the slow and very incomplete re- 


Co ty of 
" of body weig 
ody ody weight. 


ro 


weight, While the median weight of the 


Con 
5 per cent 


duri 
9f q 


ur i - 
11 a Ng during the first 10 or 15 d 


Cop 


tre 2d and water intake. There is no consistent 
foo, , among the control rats in amount of 
th and water ingested. As would be expected, 
qp. ood. intake of the experimental animals 

Mg the daily feeding hour is least during the 
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mI 


ation Cycles over 35 Days 


for successive 5-day periods) 
i Total Daily Prefeeding-Hour 
ater Intake Activity Activity 
(ml) (revolutions) (revolutions) 
yer. | Control | Exper. | Control Exper. Control 
E! 36.3 0 0.0 
9 6 60 0.0 
1 5.1 123 0.2 
6 :9 262 0.0 
8 7 305 0.0 
6 „1 972 0.1 
ht 3 1077 0.2 
8 .6 1671 0.2 
TABLE 2 
Recovery Following 35 Daily 23-Hr. 
Food-Deprivation Cycles 
(Medians) 
Water 
Condition Intake tivity 
(ml. (revolu- 
tions) = 
Contro 338 | 19.3 | 35.9 348 0 
ox! 310 | 18.2 | 32.4 493 0 
Exp. recovery day 
1 48.0 192 | 16 
2 40.0 933 | 39 
3 370) 910 78 
$ 43.0 1074 8 
5 46.0 792 3 
6 46.0 364 11 
7 46.5 | 460| 0 
8 2 42.0, 327 | 0 
9 2 39.0 358 0 
10 267 39.0 555 0 
11 271 38.0 393. 1 
first five days of deprivation, increasing gradu- 


arn to compress their eating time 
and as the total deficit accumulates. By about 
the twentieth day an asy mptote of 60 per cent 
of base (or 55 per cent of the control median) 
seems to be approximated ; it is interesting to 
note that this is also the point beyond which 
there is relatively little decline in body weight. 
The self-imposed water restriction is irregular, 
in general less severe than the food re- 
2). On the first day after return to 
ing the food intake comes back 


ally as they le 


and is 7 
duction (ct. 
unlimited feed 
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to base line and the water intake far over- 
shoots. Thereafter both are above normal for 
the balance of the recovery period. 

"Activity. The 24-hr. activity 


of the control 
animals varies within 


a range of 200 revolu- 
tions, with a Slight downward trend discernible, 
The activity of the experimental group, by 
contrast, rises to a peak of 1074 per cent of 
base during the third five-day period of re- 
stricted feeding, drops somewhat i 
five days, and then increases 
final maximum of 1352 
individual records is 
this pattern unequivo 


n the next 
gradually to a 
Der cent. Variation in 
too great to confirm 


cally, but five of the 
seven curves are characterized by the double 


inflection, and four reach their highest point 


5 
during the last ten days of deprivation. 
The most clear- 


cut and consistent change is 
in the activity during the hour just preceding 
the daily feeding. While the control median 
never exceeds one revolution, the median of the 
experimental group rises from the zero base 
line to 60 revolutions during the first five 
deprivation days, and in the succeeding pe 
increases without interruption to 1671, 

only minor deviations the 
reflect. this group trend, 
every rat's 
5-day 


riods 
With 
individual data 
Without exception 
activity is higher in the Seventh 
period than in any other, and there 
1S no indication that an asymptote is bein 


g 
6 
approached, According to this index, ad- 
Justment to the 23-hr. feeding schedule is 


incomplete at the end of 35 days. 

Activity during the recovery phase follows 
& Somewhat more complex pattern. Total ac- 
tivity is on the first day 61 per cent below the 
base line (the "satiation syndrome" [1], rises 
above base fora few days, and then drops back 
within the normal range. Meanwhile the ac- 
tivity in the hour Corresponding to the pre- 
feeding hour drops below any point observed 
during the deprivation phase, increases un- 


mistakably for two days, and then gradually 
decreases to Zero. 


DISCUSSION 

The question Which tl 
answer is quite Straight 
required for a rat to 


ne experiment seeks to 
forward: How long is 
adjust to a 1-hr.-per-day 
feeding schedule, so that the progressive up- 
ward trend of motivation resulting from 
cumulative deficit will level off? How soon can 
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N 15. fot 
the animal be introduced to daily M M 
example, a maze-learning situation p 
danger oí distortion of results by a con ust be 
elevation of drive state? The answer senda 
given in several parts. Each of the E acl 
used indicates that 15 days is the I feedint 
minimum for adjustment to the limitec steal 
regime. Up to this point, weight i and the 
declined, ingestion has not leveled o i s This 
activity has increased tremendous Y ivit 
much finds confirmation in the 24-hr. istine 
data of Hall ef al. (3), which show a 15 
rise for at least 12 to 17 days. Beyond I: 
days, however, our Wes i ped peri 
changes in weight and ingestion are en s 
small, and 24-hr. activity tempora feeding 
creases. But the activity in the last Pr jaenct 
hour continues to increase. By this EN e 
even a 35-day period is too short ay ` feedinë 
motivational adjustment to this 
schedule to occur. 

It may be, of course, that the ae h 
increase in the activity of the prefeedi! rog * 
is a reflection of something other than is d e 
sively increasing primary drive. It feet ; 
argued that during the first 15 days tente y 
cycles, heightened motivation Cae leadê 
weight loss and increased rate of erie ods ol 
to an increase in activity during all ps in th? 
the day. But the responses S PRACT, i 
hour just before presentation of food tempor! 
most strongly reinforced, due to eee 
proximity to the feeding, and would um 
reason tend to increase still further in pest s 
or amount On successivo days, By this p ue ? 
the activity in the last hour could contin iv 


x er ON a 
rise for many days after the hunget it? 
characterizing 


ached 
that hour had reach 
asymptote, 


Examination of the 
covery lends some 
acquired running 
that on the first d 
habit is Strong, 


uat 


: uid 
quill? 
tinuP v 


jing 


enc 
S. 


"T 
activity data Bar an 
Support to this notion sum 
increment, We may as ub 
ay of free feeding the ded i 
but that its performant ye 
inhibited (paralleling the satiation syndT?^ .. 
that is signaled by the subnormal tota 

tivity for the day). In the next two day$ 
on PA diminishes (suggested, j 
the high tota activity level) . e habl; g 
free to express itself aie Une * 
the hour. Then, Ccause these particular ! 
sponses are no longer reinforced differential 


he 


T 
dub 
ased running dul 
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in uuu EA the depressing 
activity Ten once more asserts itself, and the 
A dc donc dp ei 
ceding acti roe progressive increase in pre- 
marily to ite) over the 35 days is due pri- 
ing habit "m Teasing hunger drive or to increas- 
a ME it suggests a methodological 
ro the sen in certain experimental designs. 
experiment nt that such a trend occurs in an 
Cycles, the e Involving extended deprivation 
May ts a creg of the manipulated variables 
t RE to serious distortion. 

Certain Abies argued, of course, that there are 
ent and teal differences between our experi- 
example dia utilizing feeding cycles. For 
n the wl k may be that the rat is more active 
Ving UE than it would be in an ordinary 
in this hay more body tissue 1$ burned up 
is hence ivity, and that the cumulative deficit 
longed More severe and more greatly pro- 
F'urthe than circumstances. 
r my 
Possibility 
aming à 
lon o 


under other 
estigation is required to test this 
, and to examine the relative roles of 
8 and increased motivation in the ele 


Sery, j activity during the 35 days of ob- 
Vation, 2 B J 
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SUMMARY 


The adjustment of seven rats to 35 days of 
23-hr. food-deprivation cycles was measured in 
terms of body weight, food and water intake, 
24-hr. activity (revolving wheel), and activity 
during the last. prefeeding hour. Comparison 
with a control group reveals that progressive 
changes in all measures continued for at least 
15 days, and that activity during the hour im- 
mediately prior to feeding was still increasing 
at the end of the 35 days. 

It is possible that similar trends constitute 
an unrecognized source of error in other experi- 
ments involving daily feeding cycles. 
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QUANTITATIVE CONTROL 


| 
TIONS 
OF MOTIVATION THROUGH SUCROSE SOLUTION 


OF DIFFERENT CON( "ENTRATIONS 


PAUL THOMAS YOUNG 


Cniversit 


The present study is the outg 
ous studies (4, 5) in which it 
rats prefer the higher concer 
sucrose solutions ( 


rowth of previ- 
was found that 
ntration of two 
presumably the sweeter solu- 
tion). The former studies suggested to us the 
possibility of controlling the degree of motiva- 
tion by varying the concentration of solution. 
Animal trainers have long used sugar lumps as 
rewards in the training of their Ss, but for 
laboratory purposes it is desirable to have a 
quantitative control over the value. of the 
reward. The concentration of solution offers 
such control with Precision far greater than 
that required for any conceivable psychological 
work, 

Not only can the concentration be 
but the duration of contact with th 
zan be varied. In the previous study, we limited 
rats to 1 or 4 or 16 contact-seconds, but in the 
present work we have limited the 
ward to 1 contact-secc 
test solution, 

The work was carriec 
that had 
food 


controlled 
€ solution 


animal's re- 
nd per day with the 
l out with he: 
an unlimited supply of 
and tap water continuous] 
their cages, There w 
metabolic need of 
create distress through de 
warded the animals with a 
able Sweet-tasting fluid 
their usual, fully ade 
that we studied was 
run down a runw: 


althy rats 
àn adequate 
y present in 
as no known deprivation or 
any kind. Rather than to 
privation, we re- 
positively accept- 
that supplemented 
quate diet, The problem 
a typical one: learning to 
ay from Starting box to the 
Sugar solution in the goal box and 
tinction of the 


acquired. 


the ex- 


running habit after it had been 


METHOD 


Rats were timed as they ran down a runw 
starting box to goal box, over 
6 ft. At the far end of ¢ 
(7.-in. inside diame’ 
Each rat made a sin, 
by 1 sec. of contact 


ay from 
a minimal distance of 
he goal box was a glass cup 
ler) containing a sugar solution. 
gle run per day and was rewarded 
with th ily 
delay in the starting 
* delay in the goal box. 
ables were: (4) The concentra- 


e 
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v of Illinois 


he 
à r : - T and (b) t 
tion of sugar solution offered as a reward, anc 
number of daily runs. 


Experimental Plan 


0 tw? 
The experiment as a whol 


parts—the first conce 
ning habit and the 
lo extinction afte 
liminary experience with a suga 
below, each rat was 


e was divided int 


a ru 
e habit 


after day 19 (Christmas e 
opportunity. for forgetting and ! 
running habit, 
On day 26, the sugi 
the cup and distilled w; se en 
days of running in the series concerned with r he 
to extinction, For the first 15 of these days m at 
ran to a cup filled with distilled water and Rises 
tional days to an empty cup. During gu for 
experimental conditions were held constant exc 
the change in contents of the cup. 


Apparatus 


The runway 
covered with harc 
7-11... including a 1 
and a [-ft, 
be 


arm 


P om 
ved) fff 
tr solution was remove 2 


4 There We! 
ater substituted. There W 


me 


Da 


he 


wool 


was made of gray-painted y wet 
Iware cloth. Its over-all oes iom 
ft. starting box, a 5-ft. ips yos 
goal box —the starting box and Wing pos 
ing continuous with the mid-section. Stars con" 
and goal box were equipped with sliding aois pal d 
trolling approach to the goal and to prevent SS ide pA 
The cross section of the runway was 44g at ance P 
374 in. deep. In an actual run the minimal dist r a 
be covered was 6 ft., iey the distance from {He giis 
old of the door of the starting hox to the cente ge! 
foodeup at the far end of the goal box, A glass x 

mounted to a disk upon a sliding rod v 
that the cup could be lowered out of reacl 


Fat 
“jn 


si 


a 
through a hole in the floor whenever £ pressed (a) 
Two timers were used in the experiment: ol Í 
standard timer for measuring, in hundredth: ing i 
second, the over-all running time between ill in 


the door to the goal box 
with a sugar solution. 
limiting the rat’s cont 
and for taking time 
explore 


* , anle 
and contact of the jet ii 
(W A cumulative time? 


act with the solution sad yl? | 
out if the rat stopped drin* 


Procedure 


hc 
On each dai 


mt 
" Was first placed bs D 
ting bos Tec. delay the door t° ihe 
starting box and the timer started. - gor 
instant. the e. ontact with the sugar SO e 
the timer was Stopped, thus Measurin the tol 
spent by a rat in the box and iiw i 
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4 

al 
amt” 

ay prior to co" 
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i ege Soikon Actually we measured sepa- 
and the tinh t he animal delayed in the box (latency) 
the door to eure to run from the threshold of 
Since these pa ue sugar solution (running time), but 
story as ihe heee measures tell essentially the same 
ht report Sat running time, we are basing the pres- 
times. At the we Upon the total, or over-all, running 

at started us instant. E pressed a telegraph key 
Vy yy eneas th cumulative timer; he released. this 
plore, Wien a he rat paused to look around or t0 ex- 
“umulated the total contact of 1 sec. had been ac- 
Spondeq by Seid 3 à sharp buzz to which 4 fe 
sec, delay MOS the cup. After this. ijae vens 2 
Moved, 7 he goal box before the rat was re 


Rats 


the 


" 
tratie S by numbers that correspond to the concen- 
Sugar solutions offered as reward to the 
a group, Thus, the four groups are labeled, 
Ys as groups 2, 6, 18, and 54. 


arali ^ s c 
Mion and Care of the Solutions 


s, a4 four Concentrations of sucrose solution —2. 6, 

. re the he previous 
1 geometric 
n by 3. 


the same as those used in t 
- The four concentrations form 2 
obtained hy successive multiplicatior 
à solutis, are equal ygarithmic scale. 
Pecifie pis oy r concentrations 
b uh uin ice, a 2 per 
disipa ation 


Ap the: 


spaced on a le 


ere prepared and thei 
rms of percentage by weight, i.e r 
i aor contained 2 gm. of sucrose and 9 gm. of 
P'eparea Geet per 100 gm. of solution. Solutions were 
Y ‘ality pure commercial cane sugar (sucrose) al 

tantly s they were kept at room oriens 
S were T. INTE in storage bottles, Fresh solu- 

xed from time to time. 


h 
rel. 
liminar 


anq Ra Experience with the Sugar Solutions 


used as an incentive- 
Bera the solution were on another appe tus 
os fey tester with a single cup). After Uns, 
Way Ps ap days, groups of rats were placed in t he 
Wo ion allowed to explore the apparatus for à 
Map 2, UN no sugar solution. being present. 
a within rat individually was placed in the goal 
ag Con eee closed and was allow ed to Va 

98 flick with the sugar solution to be use 


T RESULTS 
re ed raw data for the experiment are meas- 
og Ents of time elapsed between raising of the 
lo the starting box and first contact of the 
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animal with the test fluid. The raw data have 
been transformed into measures of speed (feet 
per second) by dividing the minimal distance 
covered (6 ft.) by the total running time (in 
seconds). Then, to smooth off the curves, we 
obtained the average speed for three successive 
days (except that interval 6 in the acquisition 
series was an interval of four days). Thus, each 
average speed of locomotion, plotted as a point 
on a curve, is generally based upon 12 time 
measurements (four rats, three days). Results 
for the four groups, of course, are plotted 
separately. 

The average speed of locomotion for succes- 
sive three-day intervals is presented graphically 
in Figure 1. The figure as a whole has two 
main parts corresponding to the two main 
divisions of the experiment. During the first 
part of the experiment the rats made a single 
run per day down the runway to a reward 
consisting of a sugar solution which each ani- 
mal sipped for one cumulative contact-second. 
The first three days with distilled water follow- 
ing the acquisition series are counted as the 
first three-day interval in the second part of the 
experiment. concerned with extinction. The 
transition between acquisition and extinction 
is indicated on the graph by dotted lines. The 


18 


Extinctlon 


in Feet 


Speed 


Average 


Successive 3-Day Intervals 
Fi. 1 Acquisition and extinction of a running 
habit a related to concentration of sucrose solution 


offered as reward (16 rats, 4 per group). The vertical 


line between intervals 6 and 7 of the acquisition series 
indi x a 16-day pause m the experiment. during the 
Christr vacation. The vertical line between in- 


5 and 6 of the extinetion series indicates a 


from 


tervals 
change 
empty Cup. 
trations ef si 


ler to an 
Numbers on the graph indicate concen- 


lutions. 


an incentive of distilled w 
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experiment was continuous, however, there 
being no break in the daily runs when distilled 
water was substituted for sugar solution. All 
conditions, except the change from solution to 
distilled water, and later to an empty cup, were 
held constant throughout the experiment. 

The two vertical lines on Figure 1 
word of explanation. The line betwee 
6 and 7 of the acquisition series i 


need a 
n intervals 
ndicates a 
Christmas 


from distilled water to an empty cup. Numbers 
on the graph refer to concentrations of sugar 
solution offered as a reward to groups of rats. 


DISCUSSION 
Figure 1 shows that all 


speed of locomotion wi 
group 18 (perhaps by 


groups gained in 
th practice. The rats of 
chance) were the fastest 
at the start of the experiment and they main- 
tained their superiority throughout. Although 
rats generally prefer the 
of two sucrose solutior 
revealed by the graphs for groups 18 and 54, 
nor is the preference for the higher concen- 


curves for groups 2 and 
6. It is clear from Figure 1, however, that the 


) higher concentrations (18 
and 54) are consistently higher than those for 
the two lower concentrations (2 and 6). 

To Study the Statistical ignificance of 
group differences, we have limited consider- 
ation to the last five days of practice in the 
acquisition series and we have compared the 
groups by using a nonparametric test (Mann- 
Whitney U test). The results are shown in 
Table 1. These figures show, as we might ex- 
pect on the basis of the Curves in Figure 1, 
that the differences between groups 6 and 18, 
and between 6and 54, are Significant, while the 


TABL 
Significance of Group 
Five Days of p 


1 


Differences (p) During Last 
factice in the Acquisition Series 


Group 
Group 
2 6 18 
6 4 
18 .057 .029 
5 17 .029 343 
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8 is almos | 
difference between groups 2 and : poe | 
significant. It would require Lage 
animals to rank the concentrations e any 
effectiveness With statistical eee oia 
event the figures show that speed of S STO ol 
is significantly related to the enne evel 
the sugar solution used as an eee | 
though they do not demonstrate a yh col 
relation between speed of locomotion : 
centration of solution. . í 

The interpretation of this lack o »tion 8! 
one relation between speed of locom discus 
concentration of solution is a matter iw is nel 
It is conceivable that the rate of yxp M. 
a monotonic increasing function of oe exper" 
tration. Guttman (2), in a es orc€ 
ment, reported that with eril 005 m 
ments (each taste consisting of abou een ral? 
of sucrose solution) the relation € solu 
of bar pressing and concentration p^ tastes 
ceased to be monotonic after about ding at 
and there was a maximal rate of resp infor” 
about 16 per cent. With periodic g was? 
ments, however, the rate of responding ME 
approximately logarithmic pana con 
of the concentration, Under our Panning 
ditions we would expect the rate of I : A he 
be an increasing. monotonic nee ic P 
concentration, as with Guttman S P ege n 
inforcement of bar pressing. We be i up wil 
the inversions in our results are bounc r rai i 
chance variations. There were only proui : 
each of our groups, and with larg T E e P 
animals the expected relations ve (ae, 
tained as they were in our earlier stuc Howi ne 

We are inclined, however, to v de" i W 
interpretation., In general, rats run BP a " 
preferred of two foods, but another 8 nt 1 
indicated that the speed of running "8 fool 
reliable criterion for the prediction, e de” 
preferences. This is because running T val) 
pends upon many factors; it is known healtl" 
with size and age of rat, state of evt 
endocrine balance, dietary need, estrus, I he 
ous training, as well as with the value -— 
incentive as shown by tests of prefere qe 
These many factors that affect running not 
produce variability in the results, It iS M 
known how effective the incentives can pe 
relation to other f that regulate P4 


s 2 n € 
formance, own in F igur i] 
demonstrat € control can 4 


a onet? 


tion 


actors 
but results sh 
e that incentiy, 
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es is a great difference in speed of 
n. 
es Fina m of the experiment, between 
tunning ies £s there was a 16-day gap in the 
evel of imm which all groups fell to a lower 
Normal T Aia, Following the period of 
three of oe there was relearning with 
€arning, | © groups. Group 2 showed no re- 
that a 2er the previous study (5), we found 
riode of s sugar solution yielded sporadic 
Nonlearni earning interspersed with periods of 
Not far ies A 2 per cent sucrose solution 15 
earning se | ed from the hedonic threshold of 
] reinforces Guttman s concept of “threshold 
ment") 


in 


0 


an tee he observed that all animals showed 
ast ea speed of locomotion between the 
and the fi : ay interval of the acquisition series 
Series que Meee interval of the extinction 
Wering e Initial increase was followed by a 
eve] a of speed to the original performance 
original group 54 and to points below the 
"Toup performance level for groups 2 and 6. 
he iT. the fastest of all, had not reached 
berimen a running level at the time the B 
nd 6 y b terminated. Actually, gams * 
Cvels ERA the first to. reach thei dep. 
i expe performance; then group 54; and, if 
Would ment had been continued, group 18 
Orig; Necessarily be the last to reach its 
eral Jevel, — 

fon Vas there an initial rise in the level u 
tig ane immediately after the suctüse 
5 ituted? (e removed and distilled water súl- 
SUgar sol ur hypothesis is that a change from 
all) is i ution to distilled water (no sugar at 
tats " Tustrating to the expectations of the 
F Stars upon their previous experiences. 
Jive um. we assume, increases the propin, 
DOVE ension of the preparatory set over ant 

the tension level already existing from 


lef y 

Tust pads 2 bn 

in he Duration of having to delay for 60 sec. 
p> 


Der 
$o] 


n ies ee box prior to a run. 
at cS Connection, we pause to point. out 
4 (1) appealed to frustration in the 
thann ation. of his results. He reported 
i S in the speed of running associated 
15 Shifts in the magnitude of reward (from 
cy Pellets to 1 or to O pellets). Although 
NA s findings and interpretations do fot 
Note With ours in detail, we are interested to 
© that he appealed to frustration of the 


aS 


expectations of the rats when explaining 


results. 

Ii we pay attention to the slope of the curves 
of extinction as presented in Figure 1 and if we 
measure the slope between intervals 1 and 5 
(the first and last with distilled water), we will 
observe that the curve for group 54 has the 
steepest slope and the curve for group 18 is 
next in steepness of slope; then comes group 6, 
and finally group 2 with the least steep curve. 
In other words, the steepness of slope between 
intervals 1 and 5 varies inversely with the con- 
centration of solution that was presented as a 
reward during the learning series. The change 
from distilled water to an empty cup on inter- 
vals 6 and 7 does not change the relative steep- 
ness of the slopes of extinction curves. This 
finding agrees with data presented graphically 
by Guttman (2). His curve (Fig. 3) shows that 
the steepest decline in rate of bar pressing is 
for the highest concentration and the least 
steep. decline is for the lowest concentration 
that was presented during conditioning. 

CONCLUSIONS 

1. Well-nourished that are neither 
hungry nor thirsty approach a sucrose solu- 
tion, after several daily 1-sec. contacts with it, 
at a speed of locomotion that varies directly 
with the concentration of solution. The speed 
of locomotion, however, is not a very reliable 
criterion for the estimation of relative values 
test solutions. More consistent 
lative value can be made with 


rats 


among the 
appraisals of re 
preference tests. l 

2. The rate of running to a sucrose solution is 
pon the number of previous con- 
as well as upon the concentration 


dependent u 
tacts with it 
of solution used as a reward. 

3. If distilled water is substituted for sucrose 
solution after the habit of running down a run- 
is been learned, there isan initial increase 
ed of locomotion followed by a steady 
initial increase in speed is inter- 
esult of increased proprioceptive 

the expectations of the animals 


way he 
in spe 
decline. The 
preted as a T 
tension. when 
are frustrated. 

4. The steepness of the curves showing 
e to extinction varies inversely. with 
the concentration of sucrose solution originally 
offered as a reward in the learning series. Also, 
the rats running to the lowest concentrations 
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CORTICAL TASTE MECHANISMS 


STUDIED BY TWO DIFFERENT 


TEST PROCEDURES 


ROBERT M. BENJAMDD 


Brown University 


Ina 


iet previous paper (2) it was demonstrated 


or ie m of the cortical receptive zones 
duced leet tympani and IXth nerves pro- 
Measured p 5 Increases in quinine thresholds as 
Purther hs boe two-bottle preference method. 
he lc e-stage ablation of essentially all 
Measurable x lying outside this region had no 
only partial effect. This. however, provides 
area jin the Perd i about the role of this 
Vation ae pening process. The general- 
discriminati this area is concerned in taste 
Method of lon, per se, without reference to the 
Purpose of measurement is not warranted. The 
Rate the the present experiment Is to investi- 

Ne effects of ablation of this area on 


last 
>e thres à 

sholds as dete ; another 
Method, lds as determined by a! 


SNE one-bottle or single-stimulus method 
"Bally introduced by Beebe-Center, 
Methed oman, and Wade (1948). In this 
fuig per he animal is presented with one test 
Wersion day, the measure of preference or 
Mount cing the difference between the 

t of test fluid consumed and the amount 
ER normally consumed in 24 hr. A modifi- 
Of this procedure restricts the test 
9 1 hr. (3). The animal is deprived of 
or 15 hr., given a 1-hr. test, then de- 
fre 2 2 hr., and finally, allowed 6 hr. with 
resorts to water, In the study of aversion 
lic E. 8 this arrangement would seem par- 
Not he y advantageous, nce the animal does 
fton “Ve to fulfill his daily fluid requirements 
e Solution which is normally (ie. in à 
Lj, | 9tuation) avoided. For this reason the 


r 
-intak ENES AT : 
pep lake measure is utilized in the present 
"ment, 
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METHOD 
There were five essential steps in the experiment: 
(a) Determination of the two-bottle threshold for 
quinine hydrochloride (N = 16), (b) determination of 
the one-bottle threshold for quinine hydrochloride (V = 
16), (c) rest period eight days (control group, V = 6), 
and recovery period eight days (experimental 


operation 

group, V = 6), (d) postoperative one-bottle threshold 
determination, (¢) postoperative two-bottle threshold 
determination. 


Male albino rats, three to four months of age, were 
used. Their eyes were enucleated before any tests 
were conducted. This procedure was necessary as à 
control for possible damage to the optic blood and 
nerve supply during subsequent cortical operations. 
Each animal was housed in an individual cage to the 
front of which could be fastened one or two 100-cc. 
graduates equipped with rubber stoppers and matched 
drinking tubes. The experiment was conducted in an 
air-conditioned room with a constant temperature of 
70° F. + £. 

In determining the two-bottle thresholds a given 
concentration of solution was presented for a total of 
48 hr., the position being determined by a double- 
alternation sequence. That is, the solution would be 
placed in the left bottle for 24 hr., then the right for 
the same period. The next concentration started on the 
right, then the left, etc. The position of the bottles 
and drinking tubes remained constant. By this pro- 
cedure position habits and extragustatory cues were 


controlled. 
A de: 

quinine 

00008, 


ending series of molar concentrations of 
used, as follows: 
.00003, 00002. .000008. .000003, |..000002, 
.0000008. The threshold was defined as the last con- 
ion at which the quinine intake constituted less 
r cent of the total fluid intake. 

bottle thresholds were then determined. 
for the one-bottle tests is indicated 


hydrochloride (QHCI) was 


centra 

than 
The one- 

"The 24-hr. schedule 


5 pe 


below: 
Time 
Period (Hr) Fluid 
Test 1 Tap water or QHCI 
solution 
Rest T None 
Free access S!, Water 
16 None 


Deprivation 


tilable at all times. After a five-day 
when only water was presented 


riod, quinine solutions and water 


Food was a 
adaptation period 


during the test pe 
ed on alternate days. 


lowest concentration at which the test- 
of quinine solution was less than the 
the preceding or following test periods 


were present Threshold was de- 


fined as the 
period intake ¢ 
water intake on 
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TABLE 1 

Pre- and Postoperative Quinine Hydrochloride Thresh- 

olds (Molar X 10-5) as Measured by the One-Bottle, 
1-Hr. and the Two-Bottle, 24.Hr. Methods 


Preoperative Postoperative 
Animal No. ——— S | esce 

Two- One- Two- One- 

Bottle Bottle Bottle | Bottle 
127 30.0 20.0 
128 8 30. 30.0 20.0 
132 8. 30. 8. 30. 
140 30. 3s 
141 80. 80. 200. 30. 
142 2, 8. 20. 8. 
143 8. 80. 
144 20. 20. 80. 8. 
145 8. 80. 
146 s 80. 80. 30. 
147 8. 8. 8. 3. 
148 20. 30. 8. 20 
149 20. 200. 30. 80. 
150 80. 200. 30. 80. 
151 8. 80. 8. 30. 
156 20. 30. 8. 30. 

TABLE 2 


Postoperative Threshold 


Changes for the Ex 
mental and Control 


Animals on the ^ 


and One-Bottle Tests 
Animal Two-Bottle One-Bottle 
Experimental Group 
146 26.7 0.38 
142 10.0 0.00 
144 1.0 0.40 
128 3.8 0.67 
141 2.5 0.38 
149 145 0.40 
Control Group 
132 0.00 0.00 
147 0.00 0.38 
151 0.00 0.38 
148 0.40 0.67 
156 0.40 0.00 
150 0.38 0.40 


The same descending 


series of molar concentrations of 
quinine hydrochlorid 


© used in the two-bottle deter- 
minations was employed here, In two cases this was 


below threshold on the one-bottle test and a .0002-M, 
solution was introduce l. 


The cortical area we 
phine hole in the posterio, 
\blations were carried oy 
butal anesthesia, p, 


Exposed by means of a tre- 
T orbital surface of the skull, 
"t by aspiration under Nem- 
enicillin was administered on the 
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r eere made | 
first two postoperative days. The lesions ae com | 
comparatively large to assure that the E was col” 
posite nerve area was removed. The area i 
structed from the maps of six evo 
recording experiments utilizing electrical 


of the IXth and chordatympani nerves (2). 

Following the 
drowned, 
embedded 


vere 
animals W 
postoperative tests the fecal an 
the brains fixed in 10 per cent 


icons 
ions (25 micron 
in paraffin. Serial sections (2 tio? 


RESULTS 


Preoperative Thresholds "EI 
The preoperative. thresholds pow t 
molar concentrations are presented in 49) 
two columns of Table 1. The ieee he 
lest for paired replicates mer > hig ef 
one-bottle thresholds are significant Yo. 
than the two-bottle thresholds (p M5 


Postoperative Thresh olds 


holds 4 

The postoperative molar bero le | 
presented in the last two columns = 
In order to facilitate comparisons ver 
olds have been expressed in terms 0 yreope™ 
tive change from each animal’s own | 146, for | 
tive threshold. In the case of —— thr sir | 
example, the preoperative etus 0 | 
old was 3 X 10-5 M., postoperative, ? vera ye 
M., an increase of 26.7 times. The eae ye 
one-bottle threshold for the same eee or ^ 
80 X 10-5, postoperatively, 30 X 1¢ n 
limes his preoperative level. ‘These 
changes are presented in’ ble 2. E made’ 

The following generalizations can M y m 

1. The postoperative thresholds NE aret &| 
trol group either remained the same or € 


d al 

on both the one- and two-bottle tests. dii ta 
D “07 

2. The thresholds for all the expe wo 


animals increased Postoperatively on dw m 
bottle test, but decreased or remained th 
on the one-bottle test, 

The two-bottle thresholc 
experimental group are 
(p < .01) from those 
(Wilcoxon unpaired repli 


a ite 
l changes sa cn! 
Significantly di rot 
9f the control £ 
Cates), 
Histological "m 
The lesions in all animals destroyed all. - 
receptive areas bilaterally (Fig. 1) with no = 
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142 


Fic. 1. Reconstruc 


Cont; 

lca] 

t dama " 

he lamage except for the lat 


ree Corpu eral tips of 
Clays S C; c r "T1 : 
tla lion l callosum in some cases. There is no 

Jelween the size of the lesion and the 


agni 
Itude 
de of the two-bottle deficit. 


Sess i DISCUSSION 
m atory — point to the conclusion that 
m2 situatie scrimination as displayed in these 
din Normal Th is not a unitary process. First, 
s, rent »resholds determined by the two 
Seong iv methods are significantly different. 
LM y, ablation of the nerve receptive areas 
es deficits in the two-bottle, but not in 


tions of the lesions in the 


experimental animals. 


the one-bottle, thresholds. There appear to be 
factors in the experimental situations 
which could account for this: the arrangement 
of the stimuli (one vs. two bottles) or the fluid 
ate (16 hr. vs. none). Correlated 
two bottles and low depriva- 
one bottle and high 


two 


deprivation st 
with a deficit are 
tion; with no deficit, 


deprivation. 

The available evidence gives little indication 
as to the relative importance of these factors. 
Presumably this could be tested with two 
additional experimental situations: a two- 


bottle, high-deprivation test to be compared 
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with the present two-bottle, low-deprivation 
test and a one-bottle, low-deprivation test as 
opposed to the present one-bottle, high-dep- 
rivation test. 

In the absence of definitive data the follow- 
ing interpretation is tentatively advanced, The 
second factor, fluid deprivation, is assumed to 
be the important variable. Therefore, it would 
be predicted that under low fluid deprivation 
an operated animal should show deficit regard- 
less of the stimulus arrangement. More specifi- 
Y, an animal with a deficit on the two- 
bottle, 24-hr, test should also have a deficit on a 
one-bottle, 24-hr. (i.e., low-deprivation) test. 
Conversely, 
fluid deprivation. Thus, an animal with a 
deficit on a two-bottle, 24-hr. test 
no deficit on a two-bottle, 1-hr, 
deprivation) test, 


should show 
(ie, high- 
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CONCLUSIONS eT 
1. The quinine thresholds as uii 
the one-bottle, 1-hr. method are muro s. 
higher than the two-bottle, 24-hr. — afl 
2. Ablation of the cortical recepti aries 
for the IXth and chorda tympani tiri 
Which increases the two-bottle, 24-hr. t 1-hr. 
olds, has no effect on the one-bottle, 
thresholds, 
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THE EFFECTS OF ETHER AND 


REGULATION IN THE RAT! 


LAWRENCE I. O'KELLY 


A BARBITURATE ON WATER 


aAxp HENRY H. WEISS 


University of Illinois 


Laidlaw 
T mE Kennard (4) have noted the 
ial (ial bere action of the barbiturate, 
Vessels of rms: acid), on the blood 
Cortex in ne hypothalamus and of the cerebral 
Wsodilatate Key, the effect being one ol 
ion of Sie be of the former and vasoconstric- 
atter. Fulton, Liddell, and Rioch 


have re T. c 
àflinity er tnum a specific pharmacological 
the barbiturates for the hypothal- 


amy 
S. I 
n the course of a number of experi- 


ents i 
ex reme ds laboratory we have observed an 
gestion Pi table depressing effect on water 
With et} n rats following light anesthetization 
M site 4! Whose vascular action is just the 
Vasodilat. 9 that of Dial, producing cerebral 
sti. tation and hypothalamic vasocon- 
+). Jones (3) reports a significant 


wriction ( 
Nerease rae a 
Inj iving daily 


a 


S Mibi intake of rats rece ily 
) studied phenobarbital. Heller and Smirk 
ler, chk the effect of anesthetic dosages of 
üne, s luminal, paraldehyde, ure- 
lon and @ chloralose on the intestinal absorp- 
Ptived of excretion of water loads in rats de- 
Water oy, Vater for 24 hr. They found intestinal 
tthe, 2>S8orption to be markedly delayed by 
and chloroform. There was also an 
2 bopti of diuresis even when time for water 
este was allowed before induction of 
hibit The hypnotics used had a slight 
LET 'ng effect on absorption but no effect 
) Uresis, 
Teliminary 


(2 
et 
th 


In] N 
hibi 
al M 


observations in our laboratory 


ay 
m n8 Shown that water intake appeared to be 
sthet by preingestional injections of sub- 
‘Sign s dosages of Dial, it was possible to 
bi e t timents to test the degree o! 
vit te between ingestion and diuresis 
pelyte B direct manipulation of serum elec- 
ie Sn eee In the experiments to 
Shing Te the first is concerned with estab- 
er intak effects of ether and Dial on the 
ake of 23-hr. water-deprived rats, and 


TN: : 
Mainder are observations of the effect of 

h, This 

w fis is research was supported and made possible 
hie ub from the Graduate Research Board of the 


Vere: $ 3 
"sity of Ilinois- 


ane 
d 


Wat 
the 
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ether and Dial on the antidiuretic responses of 
satiated and water-deprived animals. 


EXPERIMENT I. THE NFLUENCE OF ETHER AND 
DIAL ON WATER INGESTION 


Procedure 


Twelve male albino rats 100 days of age at the 
beginning of the experiment were adapted to a 23! 5-hr. 
water deprivation for 10 days. By the end or this 
ailv ! o-hr. water intake and body weight 
had stabilized. The animals were assigned to three 
groups equated on the basis of water intake in the last 
5 days of the adaptation period. The experimental de- 
s a replicated latin square in which all animals 
received all four conditions: predrink etherization, 
predrink subcutaneous injections of Dial, etherization 
control condition, and Dial control condition. Each 
day of application of an experimental condition was 
followed by 3 days of 23!a-hr. water deprivation and 
15-hr. drin ing, a procedure necessary to minimize 
of a particular day’s treatment. 
administered 


period the d 


sign w: J 


residual eff 
The four experimental conditions were 
as follow 
Eth ion. 
mm. in height and 220 


A cylindrical glass museum jar. 253 
mm. in diameter, the bottom 
covered with wood s vings and the top with plate 
was used. The shavings were saturated with 
animal was placed on a circular hard- 
1 90 mm. above the bottom of the 
The animal was left in this atmosphere, which 
saturation for ether vapor. until it showed 
ation of front limb and neck muscle 
-tual behavioral criterion dictated that 
the animal be removed when it fell on its side and 
made no further efforts to right itself. While there was 
some variability from animal to animal, the mean 
in the chamber was ap] proximately 65 sec. Follow- 
1 from the chamber the animal was placed 
in a drinking box of the type described in an earlier 
and allowed, after a 15-min. delay, access to 
In this period of time the animals 
uniformly showed complete skeletal muscle recovery 
from the anesthetic and were maintaining an alert and 
e orientation toward the door separating them 
drinking tube. 
Ether control procedure. A museum identical 
with that used for etherization, was employed, Animals 
were placed in this jar for 65 sec., removed, and placed 
in the drinking box, where the length of delay and 
drinking period was identical with that used in the 
preceding condition. . : 
Dial procedure. The animal received a subcutane 
20 mg/kg body weight of Ciba Dial 
(0.1 gm cc of diallybarbituric acid) and was immedi 


glass, 
ether, and the 
ware cloth platforn 


jar. 
approaches 
complete ce 
activity. The 


time 
ing remova 


report (6) 
water [or !9 hr. 


activ 
from the 


jar 


ous injection ol 4l 
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ately placed in the drinking box and delayed as in the 
preceding conditions. . 

Dial contrel procedure. The animal receive. à sub- 
cutaneous injection of physiological saline equal in 
volume to its corresponding Dial dosage. It was then 
placed in a drinking box and subjected to th 
procedure used in the other conditions, 


Results 


The variances of the three Squares showing 
homogeneity by Bartlett's chi-square test were 
combined, yielding a treatment effect sig- 
nificant beyond the -01 level. The mean water 
intakes in cubic centimeters under the ether, 
Dial, ether control, and Dial control conditions 
Were 16.1, 23.8, 19.0, and 19.6, respectively. 
The ether-Dial and ether-ether control differ- 
ences are significant beyond the .01 level; the 
Dial-Dial control difference was significant at 
the .05 level of confidence, It appears justifiable 
to conclude that preingestion dosages of ether 


and Dial influence Water consumption in 
opposite directions, 


he same 


EXPERIMENT IIA, THE INFLUENCE OF ETHER 


AND DIAL ON DIURESIS or 23! 5-1. 
DEPRIVED ANIMALS 


Procedure 


Twelve male albino rats approxir 
age were adapted to a 23! 
schedule for 10 
equated as in F 


" 120 days of 
Water deprivation 
igned to 3 groups 
experiment T. The experimental de 
was also similar, being three latin squares in which 
each animal received ether, Dial, ether control, and 
Dial control conditions exactly as in Experiment T, 
and with the same 3-day interval between successive 
tests. Two variant diuresis tests were used. In Pro- 
cedure A, the animal Was wrapped in a towel, the 
mouth spread by forceps, a no. 10 French catheter 
inserted, and a 4 per cent hody weight load of water 
was administered, Immediately following placement of 
the load, the Dial experimental condition was applied. 
The ether animal wa lightly anesthetized, delayed 10 
min., and then loaded. Each animal was then placed 
in an individual metabolism cage, and urine output 
was recorded at 10-min, intervals for 4 hr. The me- 
tabolism cages consisted of a circular hardware cloth 
container 160 mm, high and 200 mm. in diameter, the 
top of wood and the bottom of hardware cloth, placed 
on glass funnels 240 mm. in diameter. Two fine-gauge 
copper screens were interposed between the cage and 
the throat of the funnel. ‘The urine was collected in 
centrifuge tubes which fit closely around the funnel 
stem. Sham runs in which known quantities of water 
were allowed to drip through the cage showed constant 
retentive and evaporative conditions between the 
various cages. Four animals were used in this pro- 
cedure. 

In Procedure B 


2-hr. 
days and then 


sign 


the animals were placed in in- 
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volume 
ink a volume | 
dividual drinking boxes and allowed to drink 


e + weight- 
of water equivalent to 4 per cent of their ius ee a 
They were then given the experimental conc i nu 
place in the metabolism cages. Eight anima 
Squares were used in this procedure. 


Results | 
ine for 


The analysis of variance on total n | no 
Procedure A and Procedure B Seg nis 
significant effect of treatment for eith Dial, 
cedure. It is clear that neither ether v» wer 
in the amounts to which our pue ye 
exposed, have measurably differential e 
urine excretion. 


THER 


SFLUENCE OF E 
EXPERIMENT IIB. THE INFLUENCE ;pRIVED 
AND DIAL ON DIURESIS IN NONDEP 
ANIMALS 


peri 
P r seeding exP' 
Because the animals in the preceding n anc 
ment were in a state of negative w ka otli 
at the time of their diuresis test, i 


i Joa" 

> weight I. 

argued that the 4 per cent body ihai wat? 
of water was enough less than th ; 


i 
MN ; weig 
deficit (mean of 5 to 6 per cent of a ether 
to obscure any differential effect dis cen d- 
Dial might have on water clearance. AC, 4 


= in 
2 Se eat animals 
ingly, in the present experiment, an 
z > ved. 
State of water balance were employe 


Procedure 


a 
: imately 120 d237 iy 
Eight male albino rats approximately -ontinuo! i 
age were used. They were maintained on € ini 

a 


control conditions’ were applied in the same 
as previously described, 
water load 
fourth day. 
before each test, 


Results m 
The combined analysis of variance NS 
showed no significant treatment and re 
though greater volumes of urine wer reti 
Covered, there was no differential dem 
effect produced by the experimental condit! " 
Analysis of the Proportior 
2, and 3 hr. after lo 
differences between 
conditions. 


H H H " C 
ading likewise reveale ii al 
the various experime 


DISCUSSION 
These experimen 


nall 
ts demonstrate that 57 
dosages of ether 


aë 
Serve to decrease Y 


WATER REGULATION IN THE RAT 


ingesti " 
ages ignea rats and that small 
the im ial slightly enhance ingestion by 
opposed ro They further show that these 
absence of gestional effects occur in the 
regulation menmi differences in diuretic 
"ported are ee N Me findings we have 
that the wi bis id, it is possible to suppose 
gestion e e a of water regulation, in- 
Maad. cer d may be independently 
Usually sync] and thus are separate, though 
. The in ionized, mechanisms. . 
ingestion: posed effects of ether and Dial on 
of how ee but do not answer, the question 
he eta EOS is exerted. Dilatation of 
i supply of the hypothalamus by 


LET 

nd y, E 

toluca. vasoconstriction by ether may well 
Changes in the sensitivity of the 


Os du 
ini P tors,” the Dial-induced condition 
Critica plas dehydration" cues past the usual 
Constriction dilution, and the ether-induced 
direction. exerting an effect in the opposite 
tinker "e this connection, Leifer and 
Stimulus gj found that a higher intensity of 
"sponses is required to elicit hypothalamic 
“ther pos under Dial than under ether. An- 
Menta e ilby, more susceptible to experi- 
?Dbosit vest, is that ether and Dial may have 
Erop E, effects on stomach-emptymg time. 
have recently 


direc A 
Hect observations we 


Ma 

de 

hydrate Stomach clearance rates of de- 

deg d rats it appears evident that ether 
nite] Mec This 


“ould "à delays stomach emptying. T! 
ng Stern to more rapid stomach distention 
Morty a an inhibiting agent in this manner. 
lat W nately for this hypothesis, what little 
mp a have collected on. Dial and stomach- 
En Ying time indicate its effects to be in the 
s tim as that of ether. ] 
the Se difficult to reconcile our findings with 
Ang ps Heller and Smirk (2). We failed to 
‘Xp s trential inhibition of diuresis between 
Parison rental and control groups in 
t may and with three variant diuresis tests. 
Xe Comp be that inhibition of diuresis can be 
Siig e by inhibition of ingestional 
‘liur ic but it is far more usual for anti- 
inking responses to be accompanied by 
Or each | responses, the adequate stimulus 
-i Peg identical. 
Um S Worth mentioning that the rate of water 
€ of animals under the ether and Dial 


any com- 


conditions does not vary in its initial stages. 
During the first 5 to 7 min. the animals are 
drinking, no differences are observable. The 
ether animal simply takes in less water in the 
later minutes of the drinking period, and the 
Dial animal takes in more than do the con- 
trol animals. Thus, whatever the factors are 
that mediate the differences in intake, they 
ar to operate on the cutoff or terminal 
stages of intake rather than on the over-all 
ingestional process. This fact seems to mini- 
mize any explanation which assumes the 
ingestional effect to be a part of some general 


systemic reaction. 


appe: 


SUMMARY AND CONCLUSIONS 


Male albino rats maintained on a 23! »-hr. 
water deprivation were administered ether or 
Dial or suitable control conditions for these 
igs. They were then allowed 15-hr. drinking 
Ether was found to depress drinking 
and Dial was found to enhance drinking. 
Diuresis tests of dehydrated. and hydrated 
animals under these experimental conditions 
showed no differential diuretic effect on the 
dosage levels of ether or Dial administered. 
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FRONTAL LOBOTOMY AND THE ELIMINA]? 


AS 


TION OF CONDITIONED 


"XIETY IN THE RAT! 


JACK M. STREB 


The Unizersit Y of North C, 


AND K 


The Woman's Colley 


uation of the opera- 


There is not, among the comparative data, a 


lobotomy itself reduces anxiety, Lichtenstein 


(8, 9), using dogs, has demonstrated rather 
clearly that a shock-instilled inhibition of the 
feeding 


response can be greatly reduced by 
prefrontal lobotomy. On the other hand, 
however, Kahn (7) failed, as did Streb (10), 
to obtain evidence that lobotomy is effective 
in reducing anxiety in the rat. When one notes, 
finally, that Brady and Nauta (3), in their 
investigation of a related problem, found that 
lesions of the Septal forebrain in the rat tended 
to abolish fearful behavior, one has fairly well 
reviewed the literature, By way of comparison, 
there is a considerable body of evidence on the 
efficacy of the allied clinical procedure of elec- 
troconvulsive shock, evidence offered princi- 
pally by Brady, Hunt, and their collaborators 
(ck, 2/5; 0). 
The Purpose of the study described here was 
to investigate further the relationship between 
lobotomy and anxiety. The experimental sub- 
ject was the Tat; the surgical procedure was 
that which can be most rigorously described, 
in the case of the rat, as frontal lobotomy; and 
the methods of training and testing were those 
developed by Brady and Hunt in their in- 
vestigations of electroconvulsive shock. 


! This report is based upon r ter’s 
thesis. performed by the first w ter under the direc 


tion of the second, in The Psychology Laboratory of 
The Pennsylvania State University, 1054 


arch for the maste 


NDON SMITH 


arolina at Chapel Hill 


€ of The University of North Carolina 


METHOD 
-Hpparatus NIS 
j : ; aratus was 4 ne 
The principal item of apparans e ion and 9", 
wooden grillbox, provided with a hinge v 
transparent glass wall, Its floor me : 
in., and its interior height was 16%, raed ly " 
ted of ! (sin. brass rods, running T mus pai 
spaced Vy in. apart. Every ninth rc Lin. 


A von 4'3- by , 
white, to divide the floor into cen s 60-cy clt 
tangles. The grill was wired for 110-v.. 


yer ra 
" fa zzer, Pawel’ ous 
ternating current, An electrical Mun. Ni the 2€ he 
12-v. transformer, served as the sae aril] ane 
; Bis 5 c 
tical conditioned stimulus. Both i 8 
buzzer were operated by handswitches. 
Subjects je, S rati 
S " 50 naive, male. 9^ ng 
The experimental Ss were 50 naive, ae perfor" Ns 
Dawley albino rats The experiment ith anothe! ihe 
first with 24 animals, then risas An of age | 
however, each animal was 60 to 65 ¢ 
beginning of its own experimental ser 
ho 
Procedure wil a 
: + þe! t 
ctensively a if 
The animals were handled extensiv with the 
: z 5 i ue " y 
first day of experimentation. Beginning B Tm 
5 red: i 
day, the following Schedule was observe 


xplort, 

First day. nimal was allowed w Ur ef 

grillbos individually for 15 min, The ed ano. y 
the animal passed from one floor rectangle mine oi 
during minutes 2 through 4, and during anil mn 
through 11, was recorded. Also noted were x out 

festation during these periods, of crouching: | 


Pin ; "sting 
ing, as di tinguished from simple resting 
the: characteristi 


: rigidity of posture; aap 
ration; flattening of the cars a t y 
and the assumption of i 

in which the head is 
above the floor 
typical of “ar 


ait 
- It is a response often. COP ed 
"9" as is the immobility ind 

a noxious stimul š: 

Second day, The conditioning 
h animal again spent 15 min: 
buzzer was Sounded duri 

just before 


2 through 
er stopped gout ihe 
administered throu: ut 
$ followed during ™ cot 
al thus underwent 1W° Cing 


hi 

o rds peers ME 
two critical periods. wit 
sure f the secant das 
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Fo - 
divin cae Bye: For some animals, condi- 
not, Conditioning continued; for others, they were 
given animal Rhee trials were terminated for any 
Temained crou BE on two successive trials, the animal 
the buzzer so ching all during the period in which 
that period pay (except for the initial 15 sec. of 
Was common) ee which time a brief startle response 
which reached the exception to this rule, an animal 
* two trials of riterion in just three tri ls (i.e. in 
the third day) j the second day plus. the f „trial of 
€ second trial zr administered a fourth trial [ro m 
Derienced hae the third day). Thus, no animal ex- 
Sith and cr than four conditioning trials. — 
lized icr oa days. To eliminate signs of gener- 
"heated an iE the procedure. of the first. day was 
ne seventh ds ixth and the seventh. At the end of 
ay, the animals were apportioned into 
s a control the following 
fi Gon the lis ording to the 
RED Witionir sustained. Succes 
: Wiper rd paired, and a toss of a coin decided 
sDerimentat r of each pair was to be assigned to the 
e member cee and which to the control group. 
Mized, ahd S$ of the former group were to be lobot- 
59 sham Ope; the members of the latter were to under- 
es DPI an 
dae ot 


groups 


Animals w 


rations, 

e d ninth days. MI animals underwent sur- 

» the ias undergoing surgery on the cis nth 

“8 animals h day was one of recovery; for the remain- 

activi ke S, the eighth day was one of experimental 

sk Nemi UIgety was performed under intraperi- 
ull wwa utal anesthesia. The dorsal aspect of the 


Exposed by means of surgical scissors and 
loyed to 


between 
the animal 
animal, it 
fash- 
vas inserted through the open- 


a control animal, it was not 
ny ‘ted LE In either case, the incision wa finally 
Tu FRE antibiotic powder and closed by inter- 
Sone the thats Post-mortem mination disclosed 
uy * Variatie omizing incisions lay. typically but with 
Dol; ird of i in a transverse section approximately 

Sof the me way between the frontal and occipital 
è rain. The incisions extended over 50 to 


of this section, in most 


Toc 

ce 

s pp of the total a 

: oachi s 

LM aching the latter condition. 

Over. k nd eleventh days. AIl animals were allowed to 
v Or inal Ss, 10 did not 


m surgery, Of the 50 origi 


Fe E A 
rtunately, 5 of these came from each group. 


) mining 20 animals in each group were reranked, 

ally. Mas s were formed, on the same bas as 

ho Pred SNO as nearly all the anir finally 
„Mal Taie sust ned just four conditioning trials. 
me, elit did He was quite satisfactory. — : 
seal day jd Jirteenth days. On the twelfth experi- 
y Y, each animal which had undergone sur- 


e. Y on 1 
i i "es cighth day was tested for retention of the 
a, the grill anxiety response. The animal was placed 
fy" the box for 4 min. During minutes 2 through 4. 
Undeg, conditioning procedure, the bu: HE 
; but no electrical shock accompanied the 
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trial. The animal's behavior with respect to entry 
into new rectangles and to crouching during the period 
in which the buzzer sounded was noted. The test was 
then concluded, and the animal's experimental service 
terminated. On the thirteenth day, the same proce- 
dure was followed for those animals which had under- 
gone surgery on the ninth day, the twelfth day having 
been a final recovery day for them. 


RESULTS AND DISCUSSI ON 


Results in Terms of Crouching 


The effects of lobotomy may be indicated 
st in terms of Ss’ crouching responses. 

No animal, in either group, ever crouched 
before being shocked in the grillbox. On the 
contrary, Ss moved freely about the apparatus; 
at the sound of the buzzer during minutes: 2 
through + on the second day, immediately 
before their first experience with shock, the 
animals explored actively. After conditioning 
to the criterion, every animal was, of course, 
crouching within the first 15 sec. of the buzzer’s 
sounding, and maintaining the crouch until the 


fir: 


sound terminated. 

After surgery, the great majority of the 
control group animals persisted in the con- 
ditioned response. Sixteen of them crouched 
as before; the remaining four did not crouch 
at all. In sharp contrast, almost all the experi- 
mental animals lost their crouching behavior 
and resumed íree motion during the buzzer. 
Only three of the experimental animals 
crouched as before; the remaining 17 did not 
at all. When these data are tested by 
computed according to a formula 
for correlated proportions, with correction for 
continuity and with 1 df (4, p. 90), the value 
obtained is 11.08. This figure is significant far 


beyond the .01 level. 


crouch 
chi square, 


Resulls in Terms of Motility 

motility score among all Ss 
during the first recording period of the first 
sroximately 40 rectangle entries. 
was characteristic of both the 
experimental and control animals. Both 
groups showed a decrease in motility scores, 
to the level of 25 entries, during the second 
-ording period of the first day. During the 
of the second day, when the 
buzzer sounded for the first time, each group 
about 50 entries. The animals 
eir initial shocks at the end of this 


The mean 


day was ap} 
This score 


rec 
first period 


averaged 
received th 
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period, and thereafter the mean motility Score 
fell radically to about three entries per period 
and remained there until surgery. 

The effects of lobotomy upon motility were 
much the same as its effects upon crouching 
behavior. The mean motility score among 
the control animals after Surgery was 2.95 
entries. The mean score among the experi- 
mental animals was 42.55. The former figure 
is comparable to the averages found im- 
mediately before surgery; 


the latter is much 
like the general 


level before conditioning 


gure is necessarily 39.60, 


and it is significantly different from zero well 


beyond the .01 level. 


General Observations and Discussion 


The quantitative findings may be supple- 
mented and illuminated by certain qualitative 
observations, 

Generally speaking, 


the lobotomized rats 
evinced brief, ex: 


aggerated emotional responses 
to such stimuli as momentary noises or the 
sight of objects thrust toward them. Super- 
ficially, this observation Suggests that the effect 
of the Surgery in the present investigation 
might have been, not to eliminate anxiety, 
but merely to increase emotionality. This 
explanation would envisage the lobotomized 
animals as overresponding to the buzzer in 
spile of a still potent conditioned anxiety 
(cf. 3). Although this interpretation remains as 
a logical possibility, the nature of the experi- 
mental animals" behavior during the test trials 
does not favor it. That behavior closely 
resembled the behavior seen before condi- 
tioning ever began: the animal remained rela- 
tively quiescent until the buzzer started to 
sound, and then it embarked upon exploratory 
activity; this activity was quite deliberate and 
persistent, however, and there was no mani- 
festation of the conflict and disorganization 
required by a hypothesis of hyperemotionality. 
These facts are Well mirrored, of course, by the 
quantitative data already presented. 

A second incidental observation was that 
the experimental animals seemed more de- 
bilitated by surgery than did the controls. 
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s constituted | 
This difference between the groups const 


: ch 
something of a conservative factor, er 
as it operated to minimize the group . the 
ences in motility. Generally speaking, l 
experimental animals were not at a to this 
disadvantage, but there were ome 
generality: two experimental animals ry (bY 
themselves during recovery from surgery 


ey 
a tneisions). and the) 
scratching at their sutured ome reten 
subsequently sat immobile during t 


‘on 0 
tion test. It is evident that a pescara 
Statistics, not using the data from pode 
mals, would merely enhance the di score? 
between the groups’ mean HIE c n 

If frontal lobotomy did indeed «ation 
eliminate anxiety in the present mavens Sea 
it undoubtedly did so as part of a more 8°" 


mat this 

e soles: What 5. 
alteration of response tendencies. he wide? 
over-all effect really is constitutes, a oble?! 


. ` icated pro. 

recognized, an extremely — - of th 
i i m 

Whose discussion lies beyond the sco} 

paper. 


SUMMARY AND CONCLUSIONS 


al #2 
Twenty experimental and 20 contro! ing 
Were conditioned to display anxiety ee al 
and immobility) ina grillbox. The S Job 
animals were then subjected to aan 
omy, and the control animals to ety it 
operation. Upon for anxi® = ale 


retesting ima 
ol 


was discovered that the supstnerit, a à 
displayed fewer of the responses inc vm wert 
anxiety than did the controls; Spare conl" 
Significant well beyond the .01 level © p 


ol 
y . ó zbot? 
The common notion that k cei" 


dence. 


5 x ret 
proper tends to abolish anxiety thus 
considerable Support, 


"E 


REFERENCES 


1. Brapy, J. V., 
study of the 
on 


& Hest, H. F. 
effects of electro-convuls 


a conditioned emotional response: 


Psychologist, 1950, 6, 256. (Abstract) jem 
^. BEES, J. V. go oe F. A further guli 
stration of the effects of electro | 
& Conditioned emotional relia 
l. Psychol., 1951, 44, 204 X orti 
3. Narta, W. Je Subri 
in Emotional eb 
es following Septal forech 55. 
UT comp. physiol. Psychol, 19% 
M pe 
4. EDWARDS, As L 


sacs " " ps yé 
“perimental design in l 


logical research. y ew Vork: 1950. 


Rinehart, 


| 


FRONTAL LOBOTOMY AND ANNIETY IN THE RAT 


| gos P, & Brapy, J. V. Some effects of 
tional hole ulsive shock on a conditioned emo- 
Pave response ("anxiety ).. J. comp. physiol. 
sychol., 1951, 44, 88 98, 
. Hest, HE. 
effect of electroconvuls 
ae em] response: the effect of electro- 
comp ps shock under ether anesthesia. J. 
y CP. Physiol. Psychol, 1053, 48, 64-68. 
ithe im effect of the prefrontal lobotomy on 
Psy, inking response of the albino rat. Amer. 
Nehologist, 1953, 8, 510. (Abstract) 


& Lawtor, W. G. 


shock on a con- 


8. LICHTENSTEIN, P. E. Studies of anxiety: I. The 
production of a ieeding inhibition in dogs. J. 
comp. physiol. Psychol., 1950, 43, 16-29. 

9. LicuTENSTEIN, P. E. Studies of anxi Il. The 
efiects of lobotomy on a feeding inhibition in 
dogs. J. comp. physiol. Psychol., 1950, 43, 419- 
426. 

10. Stres, J. M. Prefrontal lobotomy and anxiety 
reduction in the white rat. J. uf the Scientific 
Laboratories, Denison Univer., 1954, 48, 145-154. 


Received October 25, 1954. 
Early Publication. 


Previous research has indicated that a series 
of 21 electroconvulsive shocks (ECS) 
the immediate effect of Virtually eliminating 
à conditioned emotional Tesponse (CER) of 
the “fear” or “anxiety” type in rats (3). This 
response was established in a Skinner-box 
Situation affer the animals had acquired a 
lever-pressing habit for an aperiodic water 
reward. The CER appeared as a cessation of 
lever pressing, accompanied by crouching and 
defecation, during Presentation of a clicking 

i sly preceded shock to 
ed that the effects of 
S Were specific to the 
£ in the absence of the 
the treatments apparently 


can have 


ECS are specific 
to the most Tecently learned habits. It is 
possible, therefore. that the differential effects 
of ECS in the previous experiments (3) may be 
attributable Solely to the fact that the 
tional Tesponse was acquired more 
than the lever-pressing habit. 

The present experiment attem 
control for this Possibility. With 
similar to that reported by [ 
Was conditioned before acquisition of the lever- 
pressing habit, In all other respects, however, 
the general Procedures followed those employed 
in the previous experiments (3), 


emo- 
recently 


Pts a critical 
a technique 
Abby (4), the CER 


METHOD 
Subjects 


Twenty-four male 


albino rats 60 to 90 days old at 
the start of the 


experiment served as Ss. 


Emotional Conditioning 


Procedure 
Emotional conditioning trials took place in the 
Skinner boxes (with the levers inoperative) before 
lever-pressing trai 


aining began. All 
tioning tria 

3-min, Presentation of 4 clic 
nated contiguously with 
mately 1.5 ma.) to the fe 
floor of the apparatus. 


animals receive 


emotional condi 


et, delivered through the grill 
motional conditioning was 
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ni nisteri 
inter"? 


: silvecdies bod 
accomplished on two successive days 4 sath 
» x i anc 
eight trials per at Ta 
throughout a 2-hr. ses 


Lever-Pressing Training 


iodic water re 
aperiodic water r 
ven daily ie 8 
i kel shock 
without clicker or she i c rere 
ing output. All animals 
Zach water-deprivation schedule, 


on * 


Electroconvulsive Shock Procedure 


Beginning on the di 
lever-pressing st 
domly 
control Eroup (12 rats) 
received a series of 21 F 
seven days, 


* following the 
on, the animals wel 


s) a 
2 rats) U^ 
into an experimental group (1 | anin 


ay for 
day ig 

it 
ainet 


The experimenta 
S treatments, 3 ed 
while the control anin Es 
their home cages. All animals had free ‘sis 
and water in the home cages during Sore 
period. The ECs apparatus and prade nimeni? 
same as those employed in previous pea ani 
During the treatment period, 3 experim 


‘oy 
» destro" 
: T bi o be € 
developed flaccid paraplegia and had t 


BY 
were n 


m E 
Retention Tests gil 


ap 
imals were “aon 
Following the last EC Un ai nro 
Placed on the 23-1 ater-depriv; el a 127 "m 
the second post day, they eee GAC gay c 
session in the ley T-pressing apparatus > Inst 
or shock. On the third day following the la ondi 
animals were tested for retention of ihe d pres 
emotional response by a single unreinforce min. e x 
tion of the clicker alone during the nee the how 
Pressing session, Following 30 days’ e ghar pro^ d 
Cages without further lever pressing or exl sect 
tations, the experimental animals rence, 
retention test according to the same proceeu 


w 


RESULTS AND CONCLUSIONS n 


asion ^ 
During the 12-min. Skinner-box mm 
the second day after ECS, all animals S m it 
complete retention of the lever-pressing $ n 
During the post-ECS retention test ta 
conditioned emotional response on the a i 
ing day, however, only the control an” ged 
Stopped pressing the lever and defer" gt; 
during presentation 9f the clicker, In cont s 
all the nine Surviving 
continued to press the le 


ae 


; im? 
experimental anl™ f 


E 


hea 
Ls pm mm none defecated. The effects of 
specific i ct appear to have been quite 
without aft virtually eliminating the CER 
ever-pres lecting the more recently acquired 
is 5sing habit. 
ol ts a anal control for the effectiveness 
Renta] MT hook pairings, the nine experi- 
lest, 30 da X > were given a second retention 
intervening "à ten the first one. There were no 
Presentation evor-pessing trials or clicker 
Shown aat dh Previous experiments (1) have 
reappear He ER attenuated by ECS tends 
treatments E on a month following the 
nditioned he reappearance of a strong 
| tities oe response in all nine 
st ptovid animals on this second setetion 
Present in 7 assurance that the CER was 
ermore dois animals prior to ECS. Fur- 
fect of Ets confirms the specific pora 
UCquisition. S upon the CER irrespective o 
recency, 


SUMMARY 


Th 

e (Se H . t 

of ace P experiment investigates the role 
Msition recency in the reported differ- 
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ential effects of. ECS on a conditioned emo- 
tional response (CER) and on a lever-pressing 
habit. The CER appeared as a depression in 
the lever-pressing curve. À series of 21 ECS 
virtually eliminated the emotional response 
acquired prior to lever pressing, but had no 
apparent effect upon lever pressing in the 
absence of the emotional stimulus. It is clear 
from these results that the differential effects 
of ECS cannot be attributed solely to differ- 
on recency. 


ences in acquis 
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THE RELATION BETWEEN FEA 


E MONTGOMERY 


Vale University 


The results of a series of ex 


periments by the 
senior author (5, 6, 7, 


8) have provided strong 
support for the hypothesis that novel stimula- 
tion arouses the exploratory drive which leads 
to exploratory behavior. The experimental 
findings also show that exploratory behavior is 
not attributable to the hun 
nor to the general 


In all exploratory be- 


' defined as the 
3 given their first 
no 
l or water. It is 


Hebb (2) has rep 


novel stimulation in the chim- 


authors, e.g., McDougall 
that novel stimulation 
words, it is possible that 
kes the fear drive, which 
matic type of maze behavior 
we have termed exploratory behavior 

The present paper is the 
concerned with the relation bi 
exploratory be 


arouses fear. In other 
novel stimulation evo 
produces the Syster 


first of a series 
etween fear and 


arizes the results 
of three experiments and Presents in detail 


the findings of a fourth. The basic plan of these 
Studies is to induce fear in rats experimentally, 
and then to determine its effects upon their 
exploratory behavior in simple mazes. If 
exploratory behavior js motivated by 
then it should increase in amount when fe; 
induced, Further, as the Strength of 
induced fear increases, the amount of e 
tory behavior should also increase. 


havior. It summ 


fear, 
ar is 

the 
xplora- 


SUMMARY OF THE FIRST THREE 


XPERIMENTS 


In the first experiment, each of ten rats was 


placed in a large metal can, subjected to 30 
sec. of Stimulation Produced by three loud 
buzzers attached to the can, then placed im- 
mediately in an enclosed Y maze and allowed 
to explore freely for 10 min. Ten control 
animals received the ame treatment except 
that the buzzer Stimulation was omitted. 
Each rat received two such trials, spaced 24 
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an 
hr. apart. Records were taken of amne ; 
orderliness of exploratory tania twee! 
Y maze. The results show no difference ii 
the experimental and control groups ene 
amount or orderliness of exploratory ope 
During the buzzer stimulation, the such 
mental animals exhibited signs of fear 
urination and defecation. 

In the second experiment, each ait 
rats was placed on a large elevated F throug 
Subjected to 20 sec. of shock deliveret pla d 
à 150-v., 250,000-ohm circuit, then wed 10 
immediately in the Y maze and aio ant 
explore freely for 10 min. Seven ~~ excels 
mals were given the same wp iem recei 
that shock was omitted. Each anima rts sho" 
two such trials, 24 hr. apart. The anes 
no differences between groups in order renc in 
exploratory behavior and only one a i 
amount of exploratory behavior: nee 
first 30 sec. in the maze the exper great! 
animals exhibited a significantly | 8 


‘ell 
of sev? 
| floot 


et 


} 


Rum 
amount of activity than the control ap u ol 
In the third experiment, fear was pa is 
in the exploratory situation. A dh ari 
attached to the outside of the end of jm ac 
of the Y maze. Three groups of eight pes 10 
were used. Each animal was given o 3 " 
min. period of exploration in the wed fof s 
group E2 the buzzers were sounded 4 the 
sec. beginning 60 sec. after the pesi oie 
exploratory period; for group E6 the 300 se 
were sounded for 30 sec. beginning "oup | 
after the start of exploration; and for fec "i 
the buzzers were never sounded. ee 0 
were taken of amount and orderli i 
exploratory behavior, No differen B ret 
orderliness of exploratory behavior past. 
among groups. Figure 1 shows m as? 
number of 12-in. maze Sections explore 4 fof 
function of time of exploration, The dat? rê! 
* combined for the, red 
a for group E2 are om! pal 


- These graphs show so 
after the cessation of the buzzer stimulä x 
amount of behavior decreased jn both T 
perimental groups to à 


level below that o 
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malus cr ort eem 


Fi 
NM Pci amount of exploratory behavior as 
" Phs show els of exposure to the maze. The inset 
the 866. peri ba amount of behavior as à function 
he eriods during and after buzzer stimulation: 


St p 
re S aces on the graph for group E2 represents 
"inni nt of activity during the 30-sec period 


hing wi : 
n fist poi the sixtieth second of exploration; and 
Ale hoi int for group E6 shows the corresponding 


ginning wi 
hing with the three-hundredth second. 


Cont, 

be i group. The decrease is significant at 
Btoup the 01 level for both experimental 
“Bhificn and average amount of activity is 
ind ce ntly less for group E2 on minute 2 
C op ot Soup E6 on minute 7 than for group 
teve corresponding minutes. The graphs also 
Mount "at the decrement was temporary: 
Fred of exploratory behavior gradually 
ne The to normal over a period of 2 to 4 
X6 se ni details of the recovery process may 
t OW tg the inset graphs of Figure i which 
Verse number of 12-in. maze sections 
T ulati per 30-sec. period during the buzzer 
he in Oh and for 4!9 min. afterward. 
Ne Crease from point 2 to point 4 on the 
lig bh for group E2 and the increase from 
i l ie point 7 for group E6 are significant 
ue Vg Sine. the .05 and .02 level. Group K 
mo Int ii of the above-mentioned changes in 
vas °Xperi exploratory behavior exhibited by 
pic n s groups. Qualitative obser- 
ze V the animals indicated that the 
“ate guo im induced at least a mild 


le 

Unset’ re . 
"fos sults of these three experiments are 
hog "My negative with respect to the hy- 


Mes A if 
Väter * that exploratory behavior is moti- 
y fear. The findings of the first two 
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studies indicate that fear induced outside of a 
novel situation exerts little if any effect upon 
exploratory behavior in that situation. The 
results of the third experiment show that fear 
induced either early or midway in a period of 
exploration in a novel environment produces a 
temporary decrenent in amount of exploratory 
behavior. The experiment reported below pro- 
vides a fourth test of the fear hypothesis. It 
is designed to determine the effects of strong 
fear induced in a novel situation upon amount 
of exploratory behavior in that situation. 
Fear was aroused by electric shock admin- 
istered either early or midway in a period of 


exploration. 
m 


EXPERIAL 

Method 
Subjects. Eighteen female rats of the Wistar strain, 
about 90 days of age. which had never been used in an 
experiment, served as Ss. All rats had free access to 
both food and water at all times except during the 
experimental periods. The animals were thor- 


short 
oughly tamed prior to the experiment. 
Apparatus. An enclosed maze was constructed 


x walls 24 in. high placed on a grid 
4 in, wide. The maze was rectangu- 
ring 18 by 36 in. along the outside 
ral alley. bisecting the two long 
of the rectangle. "Thus. it consisted of seven 
each 14 in. long. The maze was placed in the 
center of an 8-ft. square enclosure formed by black 
curtains. Illumination was provided by a single 40-w. 
shaded bulb suspended 5 ft. from the floor directly 
over the center of the maze. Electric shock could be 
delivered to the grid floor of the maze through a 150-v., 
250,000-ohm circuit. 

Procedure. Prior to the experiment, which lasted 
rats were assigned at random to each 
groups, à control and two experimental 

ach of the three days, each animal was 
center of the maze and allowed to ex- 
a period of 10 min. On day 1 and on 
> given three shocks, 
during their second minute of ex- 
group E6 were treated 


from white Celote: 
floor to form alley: 
lar in shape, me: 
walls, with a cent 


three day 
of three 
groups. On ea 
placed at the 
plore freely for 
day 2, the rats in group E2 v 


totaling 20 sec.. i 
ploration; the animals in I f 
similarly during their sixth minute of exploration; and 


the rats in group C were not shocked. Shock was ad- 
ministered to the experimental animals during these 
periods of their respective shock minutes: 0 to 5 sec.; 
10 to 15 sec.; and 20 to 30 sec. On day 3, no shock was 
given to any of the groups. The number of 14-in. 
maze sections traversed per minute was recorded for 
each animal on each day. The criterion for a maze- 
traversal was a full. body-length entry, ex- 
ail, into one of the seven maze alleys 


section 
; ^ 
cluding the rats t 


Results 
The major re 
2, which shows m 


sults are summarized in Figure 
ean number of 14-in. maze 
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senile ads 


X 


MEAN AMIER OF LINCH SECTIONS 


Fi Average amount of maze 
tion of time of exposure on day 1 


activity as a func- 
and on day 2, 


Sections traversed as a function 
exposure for each group on day 1 
2. On day 1 the curves for the 
begin at about the same le 
for group C decreases in 


of time of 
and on day 
three groups 
vel, and the curye 

a fairly 


regular 
manner. The curves for groups E2 and E6 
show a sharp increase in amount of activity 


during the shock periods, a 
to a level well below that of the control group 
immediately upon the cessation of shock, and 
a very low level of activity during the remain- 
der of the exploratory period. Statistical 
analyses bear out these Statements. The re- 
sults of an analysis of variance reveal that the 
groups do not differ in amount of activity 
during the first minute (F of 3.00; 2 and 15 
df). 'The increase and the decrease in amount 
of behavior are significant at beyond the 001 
level for both experimental groups. During 
the period after Shock, mean amount of 
activity is Significantly less (.01 level or be- 
yond) for the experimenta] groups than for the 


Sharp decrease 


control group, Also, average amount of 
activity is significantly greater (.001 level) for 
the experimental groups during their re- 
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-ontrol 
spective shock periods than for 
group during the corresponding period d - 
i On day 2 the experimental animal AC 
almost completely inactive except during " 
Shock periods. As on day 3. nul Ui 
amount of behavior during shock Lo fica! 
decrease after shock were highly E afte 
for both groups, and amount of cere > coups 
Shock was si nificantly less for bot nd 
than for group C. On day 3, on which cin sil 
was given to any of the groups, the va con 
both experimental groups were a rima 
pletely inactive, whereas the group * yloratot? 
exhibited a normal amount of ex] 
behavior, e shot 

Inspection of Figure 2 reveals phone n 
produced a greater amount of respect 
group E6 than in group E2. Me | 73.5 am 
means during the shock periods are " day 7. 
15.1 on day 1, and 13.0 and 7.5 0 


y 9 
? mea 
The difference between the first pit ott of 
is significant at beyond the .01 ree ht 
3.23; 10 df), and the difference Be ine $ 
Second pair is significant at abou i 
level (1 of 2.21; 10 df). " »eriment 
Figure 2 also shows that each r ps mut, 
group exhibited only ha hd sho 
activity on day 2 as on day 1 appe grout 
period. Mean amount of activity 1 and 7, 
E2 during minute 2 is 15.1 on day zroup a 
on day 2. Corresponding means for differ" 
on minute 6 are 23.5 and 13.0. pua 
between the first pair of means is 1 the * à 
at the .001 level (/ of (tes © df); anc mifi?” 
ference between the second pair is P ; 
at beyond the -O1 level (¢ of 4.20; 5 Lt a a 
Qualitative observation indicated i "n 
their first shock, all the experimenta EN le^. 
exhibited strong fear of the maze. EE nte 
€cation, urination, and a marked “reluc 
to be placed in it on days 2 and 3. 


about 


DISCUSSION T pe 
The results of these four experiments e ron? 
summarized as follows: (a) Neither En ad. 
auditory stimulation nor electric shot! VE 
ministered immediately. Prior to a perio al” 
exploration in a simple maze exerts any ior 
preciable effect Upon exploratory beha rine 
n administered a e$ 
in a maze pte 
in amount 0 


ase M 
1, the increase © 


FEAR AND EXPLORATORY BEHAVIOR 


Plorato ry 
ately 


behavior which occurs immedi- 
ih eee cessation of stimulation. (c) 
Moration in stated during a period of ex- 
Normal Pink dr produces UU an above- 
Period when 5 ot activity during the shock 

given either early or midway in 


* explora ; s S 
gue Oratory period, (UH) a significantly 
amount of activity during the shock 


peri 3 j 
in jd pu given midway rather than early 
nificantly ee period, and (iii) a sig- 
“cond trial os amount of activity on the 
Senteq S Mey on the first, whether pre- 
Period, (d) 1 or midway in the exploratory 
Shock slr Immediately after the cessation of 

£ ninistered in a maze, amount of 


üctivi 

ity y x 

the us Se to a low level which persists for 
Whip cton of the exploratory period and 


CN recurs « i 
Altho: curs after a 24-hr. rest period. 
Moyea Ugh the two kinds of stimulation em- 
Lively M these experiments differ qualita- 
Dlausit seems 


pum 
Operi 
t Dertie. 


Mat p 
“Vo a 


E As as quantitatively, it 

© assume that they are on a con- 
With respect to their fear-arousing 
5. Qualitative observation indicated 
ed er buzzer and the shock stimulation 
Mal the i E the experimental animals, and 
teater in rength of the induced fear was much 
lese eds case of shock stimulation. If 
“Detime ements are correct, then all of the 
Det ntal negative with re- 


thay: to the hypothesis that exploratory 
, AVior i > SIS 


5 hyp, $ motivated by fear. According to 
Avior ao Chesis, amount of exploratory be- 
ir ida, d increase as the strength. of the 
A Uceg Increases, The results show that fear 
Fert _ Outside of an exploratory situation 
MAN or no effect upon amount of ex- 
e in 7 behavior in that situation, and that 
tices need in an exploratory situation pro- 
RN decrement in amount of exploratory 
Mere a of the decrement 


exon 


findings are 


The a operant behavior. . 
Men etailel findings of the fourth experi- 
Ae ; Tequire discussion. The high level of 

yr during shock is interpreted as escape 


behavior motivated by pain. The very low 
level of activity after the cessation of shock is 
explained as follows: It has been established 
that stimuli associated with pain acquire the 
power to evoke fear, and that fear leads to 
avoidance behavior (4). Thus in the present 
experiment, shock generated a strong con- 
ditioned fear which, because the maze was 
homogeneous with respect to its stimulus 
properties, generalized to all parts of the maze. 
Hence, no matter which way an animal turned, 
the maze stimuli evoked strong avoidance 
tendencies. On the other hand, novel stimu- 
lation such as that provided by a maze 
normally evokes strong approach tendencies 
that result in an animal's thoroughly expior- 
ing the novel situation. Thus, in the present 
study the experimental animals were subjected 
to a double approach-avoidance contlict. 
Because the strong avoidance tendencies 
based upon the fear drive predominated over 
the normal approach tendencies based upon 
the exploratory drive, a very marked and per- 
sisting decrement in amount of exploratory be- 
havior occurred. 

The facts that group E6 exhibited more 
activity during shock than group E2 on both 
dav 1 and day 2, and that both groups were less 
active during shock on day 2 than on day 1 
remain to be explained. Both these results are 
interpreted in terms of conflict. The results of 
the present study indicate that shock ad- 
ministered in à novel environment. produces 
behavior (for the duration of the 
thus increasing. amount of activity. 
ner hand, the findings of this and the 
indicate that fear evoked in 
an exploratory situation produces avoidance 
tendencies that reduce amount of activity, 
and that the decrement in amount of activity 
is a. positive function of the strength of the 
fear drive. Thus. when both shock and fear 
are present, à conflict. occurs. This can be 
termed an "escape-avoidance" conflict. In 
the present experiment, intensity of shock was 
held constant; hence, any variations in amount 
of activity during shock should reflect 
ations in the strength of the fear drive. 
Qualitative observation has repeatedly sug- 
p | to the authors that novel stimulation 


escape 
shock), 
On the otl 
third experiment 


vari- 


gestec 
fear drive (as well as the ex- 


arouses the 
and that fear decreases in 


ploratory drive) 
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Strength with time of exposure to that stimu- 
lation. If this is 30, then the Strength of the 


shock for group E6 than for group E2, as was 
of the fear drive 
have been greater 
because the shock 
generated a strong conditioned 
e in both experimenta] groups; 
hence, the Strength of the avoidance ten- 
dencies evoked by the maze was greater on 
day 2 than on day 1, and the result was a 
lesser amount of activity during shock on day 
2 than on day 1, as was found. 


SUMMARY AND CONCLUSIONS 


The results of three 
marized and the detaile 
are presented, The purpose of these studies is 
to test the hypothesis that the exploratory be- 
havior of rats in simple mazes is motivated 
by fear. Fear was induced immediately prior 
to a period of exploration by audit 
lation in the first experiment and by electric 
shock in the second. Fear was induced either 
early or midway in a period of exploration by 
auditory stimulation in the third study and 
by shock in the fourth. Measurements of 
both amount and orderliness of exploratory 
behavior were recorded in the first three ex- 
periments; measurements of amount of ex- 
ploratory behavior were taken in the fourth 
experiment. The results are summarized at the 
beginning of the preceding section of this 


experiments are sum. 
d findings of a fourth 


ory stimu- 


! The results of 
Support the hypothe: 


veriments as Yet unpublished 
that novel stimulation arouses 
the fear drive as well as the exploratory drive, and that 
the Strength of the former drive decreases with time of 
exposure to a situation, 


K. €. MONTGOMERY AND JOHN A. MONKMAN 


«onc are drawl 
paper. The following gonelas en (i 
from the findings of these expen eriod Ú 
Fear induced immediately prior to E exert 
exploration in a novel environme pehavit! 
little or no effect upon . n ced in? 
in that environment. (b) Fear inc «plorato 
novel situation reduces amount of te e d 
behavior in that situation, the ae of feat 
the decrement increasing with streng »lora on 
(c) The decrease in amount cdd real 
behavior produced by induced vat d) T 
explained in terms of conflict n a basis for 
results of Experiment IV so ee “escap” 
postulating a new type of conflict: xplorat 
avoidance" conflict. (e) Finally, “eather 5 
behavior is not motivated by fear. ed } 
is motivated by the exploratory driv 
evoked by novel stimulation. 


hich ^ 
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PAW PREFERENCE IN CATS RELATED TO HAND PREFERENCE IN 
ANIMALS AND MAN 


| J. COLE 


Unicersity Laboralory of Physiology. Oxford 


Du i 
TN last twenty years various 
nomenon Piece! their attention to the 
other of the : preference in the use of one 
tS; monkeys orelimbs or claws in parrots, 
OWeVer, p, Ys, chimpanzees, and man. It is, 
ally a noteworthy that all these Ss habitu- 
either the forelimb or claw to convey 


Ood t 

a. 9 the "s E 

“hile to in mouth. Therefore it seems worth 
Noy vestigate a mammal that does not 


tmalļy : 

3 clea nae limbs in this way. | 

Pe erence animal, in order to be examined for 

™b, nee s the use of one or other fore- 

icient, to have the use of these limbs 

{Nd to be developed to perform a simple test, 
: Provide >tainable in large enough numbers 

mo cat at satisfactory sample. The com- 
* decided Z these requirements; therefore 
w e also hi use it in our experiment. 

d pre ‘Abbi: to compare the incidence of 
M th ? cat aes if it were found to be present, 

Pi al feed ich does not use the forelimbs in 
k ding, with that of other animals that 


and, $ 
Lr whic " 
kers hich have been studied by other 


, len g 

[n n, fing z . 

M. ared hally, having collected our data and 

with and them with previous findings by 

) C oe - : 

ty Pha we related our inferences 

qu or em of whether anatomical struc- 

og. t the psy : i s 
Psychological environment 15 the 


ina 
HE Ro. i 
| factor in determining handedness. 


Sup METHOD 


Jects 
« Sixty and Apparatus 
used in this 
ack and 
of the 
some were 


e and 33 


ed 
Um le, y Aes short-haired; 27 were r 
Weight Rd no means of ascertaining their age, but 
"req Sed from 1 kg. to 5.2 kg. None was 
NUN ese, nor, as far as we know, of Siamese 
ny 9,5 pharatus used consisted of a block of wood, 
Y 28 cm., painted black, and a tube of glass 
with an inner diameter of 6.5 cm. and 15 
s tube was placed centrally on the 
by two elastic bands so as 


S gla 


ld in position 


to be readily removable for cleaning and to enable the 
board to be scrubbed.* 


Procedure 

The apparatus was baited by placing a small piece 
of raw rabbit about 6 cm. from one end of the glass 
tube so that, in order to obtain it, the cat had to reach 
in with one or other of its paws. Raw rabbit proved the 
best bait for it was unrationed, readily obtainable, and 
; popular with our 
s were trained to 


universal 
The the apparatus by first 


being fed with small pieces of rabbit. When the cat 
was eating greedily, a bait was placed at the opening 
of the tube where the animal could reach it with its 
mouth. This procedure was repeated several times. By 
then the cat was quite familiar with the apparatus, and 
the bait was placed further into the tube, where it 
could be reached neither by the mouth nor by the 
tongue. The next stage of reaching the bait with the 
paw was the most difficult part of the training. During 
this period it was noticed that in most cases the cats 
with a strong preference for one paw learned to obtain 
the bait more readily than the cats that were ambi- 
dextrous. 
When the 
testing was begun. 


cats were using the apparatus freely, 
For this the cat was placed on a 
wooden-topped table 1.8 by 0.6 m. with the walls of 
the room along one long and one short side, It was left 
free from all restraint, and the baited apparatus was 
placed on the table top. . 
We found in preliminary investigation that if the 
as always placed just in front of the cat, 
t down and make the same movement at 
id this stereotype, the board 
sented in a variety of ways, sometimes close to 
s the length of the table away, some- 
times behind the cat. sometimes in front, sometimes so 
toward Æ, sometimes away 


that the cat had to move 
from him; but in every case S was made to move, and 


in many cases turn its whole body. 

One hundred reaches were given, usually on the same 
£50 with about 15 min. between each 
serie s each paw was used in each 
series Was recorded separately for all but the first ten 
cats. The andard adopted in the estimation of paw 

is that used by Tsai and Maurer (9) in 


preference wa 1 E ^ 
their experiment with rats; Le. an animal was only 


apparatus W 
it tended to s! 
cach trial. In order to avo 


was pre 
the cat, sometime: 


day, in two series o! 
The number ol time 


when modified, proved of value 
of parietal lobe lesions (Gres, P., & 
ison of anterior parietal lesions with 
lesions in trained monkeys. Rep. 
srnational, Lisbonne, 1953, 2, 


1 The apparatus has. 


in the study 
Core, J. Comp: 
posterior parietal 
Congres Neurologique Inle 
262-267). 
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Fic. 1. Cat making a * 


reach" and obtaining bait 
from the testing apparatus. 


considered to show paw preference if the same paw was 
used in 75 to 100 per cent of the reache 

The cats appeared to find the 
in most cases purring loudly 
waiting eagerly for the presen 
Figure 1 shows one of our cai 
paratus. 


experiment agreeable, 
with the tail erect and 
tation of the a Paratus. 
ts using the testing ap- 


RESULTS 


The results of the experiment are shown in 
Table 1. From this it Will be seen that of the 
60 cats used, 35 (58 per cent) had a marked 
preference in the use of one or other paw. 
Of these, 12 (20 per cent) were right-pawed 
and 23 (38.3 per cent) left-bawed; the re- 
maining 25 (41.7 per cent) were classed as 
ambidextrous since they did not use one paw 
75 times out of 100 reaches. 

Of the 35 cats that had 
used the same paw for all 100 reaches, 15 the 
same paw for 90 to 99 per cent of the reaches, 
and 7 for 75 to 89 per cent; this would indicate 
a tendency for paw preference to be 
definite when present. 

When the two sexes were 
more females (63.7 
(31.9 per cent) were 
inant paw, 
small to att: 


a dominant paw, 13 


very 


compared, slightly 
per cent) than males 
found to have a dom- 
but the number tested was too 


ach any significance to this dif- 
ference, 
The separate Score on each half of the 100 
trials, which was kept 


for 50 cats, was re- 
nt. Only 3 animals showed a 
as 7 points. An incidence of 
such scatter is illustrated in the score of cat 
60, which used the right paw 36 times in the 
first 50 trials and 29 times in the second 50. 
If we exclude the 12 cats that used only one 


markably consiste 
scatter of as much 
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TABLE 1 
ing 
r f Cats Showing 
Number and Percentage of Cats 


Paw Prefcrences* 


bide! 

p Ambi 

is 4 Total Paw, ATs 
BEEN 0 M 5 E 
Total 60 102 23 :35 | idl 

(20) (38.3) (58.3 13 

Males 27 3 11 M us.!) 
OI) 0.8) ex D 

2 1 

Females 33 9 12 EA (363 
(27.4) (36.3) — (63.7 A 

* Figures in parentheses are percentagi 

5 


sing 

a 38 remainillz 

paw throughout the test, the 38 p "he 

s yas Ie st 

had an average scatter as low Si the (€ 
between the first and second halves 


DISCUSSION 


o th 

These results show that slightly m h 
half our cats had a definite rre Me 
use of one or other forepaw, and amt left pa 
with a dominant paw more used the i 
the right. " refert 

Unfortunately, the number of e, A to 
to by Pike and Chappell (8), is too heit wor 
able us to make a comparison of nem e 
with ours. Comparable studies hav 2 edi an 
been made with rats, notably by ders 5 
Maurer, who reported that aene sete! 
dominated among their rats, il 
Son (5) in his more extensive. pim uw 
concludes that right- and Lies wh! 
occur in about an equal number of cas " 
ambidexterity is less common. . Pi part? 

Friedmann and Davis (3), with 2 72.2 "l 
of 15 different Species, reported that hai de 
cent of their Ss showed a definite n adit i 
tendency. However, if, in order to n je 
comparison, we apply our standart. sit jim 
figures, we find that 55 per cent of t d : an, 
were left-clawed, 5 per cent right-claw phi ne 
40 per cent ambidextrous. On the othe sid rus 
Finch (2), with his 30 chimpanzees, ae MIA 
incidence of dominant right- or left-hant d, hi 
approximately equal and a minority M 
Ss ambidextrous. Two years later Yerkes jin 
working with the same animals, Bor, el 
similar evidence. Cole and Glees (1) ree) 
a parallel finding in their Paper on mon : 
which later observation ofa greater numb 
these animals has confirmed, 


ili. 


Fr 

teu studies and the accepted 
e first eee of man two facts emerge. 
P'oportion n n all the species tested a large 
to the ind members prefer one fore- 
tage of don rer. However, the actual per- 
‘le Variation pec handers shows consider- 
ilmast tiental c. species, being lowest and 
man, with a cats and parrots and highest 
tween the t 2 s, monkeys, and chimpanzees 

the Seco n. " 
: Species ere 1s that throughout the series 
tence for i ied there is no consistent pref- 
ith one si A right side or the left. Of those 
lo Predomina dominant the left-handers seem 
"ht bir among parrots and cats, the 
keys, and aes humans, while rats. 
sally etait. hee seem to be about 
Th oreliml; in their preference for one or 

th ait 

^. 0 jte that hand preference is the 
ta ding habits might be advanced in 
M and m; i _chim- 
nan, all of which use a limb in 


3 sap ge gee 


Wo 
N fre c 

aj ) ^ ^ x 3 
uy thads M m forced practice 1$ relevant: 
i are effective in producing a greater 


5, the 
jh * trend To n-prsfecued hand. Although there 
ing ¥en, nagg more use as more practice 
h m ing m s are pronounced exceptions, 
wg Pe atin d something other than practice 
n isl to determine the strength of the 
M 5 erence” (6, p. 189). 
t MC "something other" may be 
(pen 2 by the experiment of Pike and 
gp th oa cats, by Peterson and Chaplin 
"ad mor and by our own observations of 
nod s. In all these cases lesions 
"al qo pe of the hemisphere CON- 
in the i preferred hand produced a 
hermo vand used. , 
& Ut ré, ag Peterson and Chaplin 
fiber destruction of under 5 per cent of 
Paths of the pyramidal system has 
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been shown to produce transfers, so that these 
conclusion “that the pyramidal 
systems of the cerebral cortex are the prepo- 
tent mechanisms in the control of handedness 
in the rat” (7, p. 361) would appear to be well 
established. In complete agreement with 
Peterson’s work is the suggested explanation 
of handedness put forward by Cole and Glees. 
While studying pyramidal degeneration in 
monkeys by means of the Marchi technique 
after motor cortex lesions, Glees found that a 
varying number of fibers remained uncrossed. 
Consequently, one-half of the spinal cord 
receives a greater assemblage of fibers made 
up of crossed and uncrossed fibers than the 
other. It will be remembered that these . 
authors using monkeys found and based their 
conclusions upon uncrossed fibers in the lateral 
corticospinal tract (4), as there is little evidence 
that the monkey has a ventral uncrossed 


authors’ 


pyramidal tract. 
It may well be, therefore, that if and when 


hemisphere gives rise to a comparatively 
large proportion of crossed fibers in either 
pyramidal tract, the result is the preference 
of the contralateral forelimb in the per- 
formance of motor acts. 

Tt would also follow that in cases where the 
ers is approximately equal, a 
condition of ambidexterity occurs. This 
hypothesis offers an. explanation of our ob- 

eference in cats, and does 


servations on paw pr 
t run counter tO the results of the experi- 


ments of other workers to which we have 
referred. Furthermore, à similar preponder- 
ance of ascending fibers from one or other side 
occurring in sensory system might, as 
suggested (1), rta considerable intluence 
on the preference in the use of one or other 


hand or paw. 

These suggestions, 
obtained from 
well in the case of man. 
numerous workers approaching our 
as ps) chologists have listed. various 
environmental determinants of hand 

in man. Nevertheless, our con- 
pecially when reinforced by the 
work of Peterson would suggest that the 
explanation of what is called handedness is to 
be found by anatomical rather than purely 
gical investigations. 


one 


crossing of fib 


no 


the 
exe 


based on experimental 
evidence animals, would apply 
equally As is well 
known, 
problem 
possible 
preference 

clusions, esl 


psycholo; 
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SUMMARY 


Sixty cats were tested for paw preference by 
being made to reach into a glass tube for 
food. 

If we consider the use of the same paw for 
75 per cent of the hundred reaches made as 
evidence of Paw preference, 20 per cent were 
right-handed, 38.3 per cent left-handed, and 
41.7 per cent ambidextrous, 

The hypothesis that preference in the use of 
a hand is the result of feeding habits is ex- 
amined and rejected. 


It is suggested that variation in the number 
of fibers crossing to form th yra 


in the ascending sensory system. 
innate anatomical 
greater significance in 
determining preference in the use of a fore- 


are environmental psychological 


? An important paper on paw 


preference in cats 
which supports certain of our findi 


ngs has been pub- 


J. COLE t 


x z -311. 
Scientiarum Hungaricae, 1954, 6, 301 
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INTEROCULAR TRANSFER OF 
AND EXPERIENCED 


LEARNING IN VISUALLY NAIVE 
INFANT CHIMPANZEES 4 


KAO LIANG CHOW! AND HENRY W. NISSEN 


Yerkes Laboratories of Primate Biolog 


In hi z 

erve o pnis some fibers of the optic 
cerebral hemi he chiasma to the contralateral 
IPsilatera] neg and some remain on the 
‘Merosseq be; The number of crossed and 
qual in Fen is estimated to be about 
Probably un and in man (1), and this 
Tom ihe S9 holds for chimpanzee. Fibers 
tetinas iio pedi parts of the two 
Xy, and e€ synapses at the lateral geniculate 
the Striat these fibers terminate together at 
ave no Ring The two lateral geniculates 
y serve ae interconnections; they. prob- 
direct p y as relay stations. The existence 
ea to enean from one cortical visual 
demonstrar other also has yet to be clearly 
tiong su PS These anatomical considera- 
"f the eiat that the functional equivalence 
looks Wo eyes i.e. the fact that the world 
and the same tou sù h eitl ze alone 
mo, Dat an aS l rough eit jer ee a Gi 
Mines jr. untrained human adult eye 
ough "lena tasks learned monocularly 
cited Mes other eye probably is not deter- 
uer the T innate organization between 
às, Wo geniculates or the two striate 


b 
s 'évious 
int tana las on interocular transfer of 
fa p Tlance es various animals indicate the 
ij ors, là » both structural and experiential 
Sa only SERIES, that have crossed optic 
M lishme such ability may depend on the 
n optic |. of interconnections between the 
Pt ee Sperry and Clark (8) re- 
tn Cur. Ina teleost fish interocular trans- 
ther Ted in some individuals and not m 
“evine (3) found that in pigeons such 
i Pies only when the stimuli are 
hs — visual field. Furthermore, 
iy Tenee ed in diffused light, and having no 
Nediate with visual patterns, failed in 
ole transfer of a monocularly learned 
d the contralateral eye. However, 
ii ‘onsiderable saving im learning the 
With the second eye (7). Animals 


LN 
dla, A 


Now 
it, (AU the Department. of Physiology, The Uni- 


Chicago. 


y and Yale Unicersily 


that. have both crossed and uncrossed optic 
fibers, such as the rat (2) and cat (5), show 
complete and immediate interocular- transfer 
if they are reared in a normal environment. 
Riesen ef al. (5) reported that cats reared in 
darkness and then given patterned light to 
one eye and diffused light to the other, do not 
immediately transfer visual discriminations 
learned with the former eye to the latter eye. 
(By "patterned light" is meant that provided 
by an ordinary, lighted room environment, 
including forms, colors, shadings, and move- 
ments of the 5 and of objects in the room. 
“Diffused light” is homogeneous, nearly 
white light with no contours or movements.) 
They acquire the habits with the diffused- 
light. eye, however, with a large amount of 
saving. This suggests that, in spite of the 
anatomical convergence oi the optic fibers 
from two retinas to the same visual area, 
complete functional equivalence of the two 
eyes is not assured without some patterned- 
light experience. One uncontrolled factor in 
the last study is the possibility that some 
structural changes may occur in the diffused- 
light eye and may be responsible for the failure 
of transfer. 

The present study was undertaken to deter- 
of interocular transfer of 


mine the occurrence 
chimpanzees reared 


ial habits in infant 


visu 
under varying conditions of light. stimula- 
tion: (a) monocular light stimulation, one eye 


with patterned light, the other eye with dif- 
fused light only; (b) monocular patterned-light 
stimulation; (c) binocular patterned-light 
ion. After visual discrimination habits 


stimulat , 
were learned with one eye, the ability to 
perform these habits with the other eye was 
tested. 


The results obtained elucidate the role of 
xperiences for the perceptual 
a higher primate 
for binocular 


visual € 


early ý 
of the two eyes in 


equivalence 
having an 
fusion. 


anatomical ba: 
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ETHOD 


D 


infant chimpanzees born at the Yerkes Labora- 
were used. They were Separated from their 

within 28 hr. after birth and were reared in 
the nursery under standard conditions of diet and care. 


Experimental and Control Conditions 


Experimental condition. 


Three Ss: Laru, female; 
gestation period, 


230 days; birth weight, 1.85 kg. 
Sally. female; gestation period, 235 days; birth wei zhi, 
1.99 kg, Norma, female; gestation period, 239 days; 
birth weight, 1.83 kg. 


ig 

Within ten days after birth these animals were 
placed in a darkroom, with no light stimulation whatso- 
ever, and remained there until age 6 weeks, Thereafter, 
and until the end of the study, they were given monocu- 
lar light stimulation, 1.5 hr, daily to each eye, spending 
the rest of the day in the darkroom, The right eye was 
given patterned-light experience, as Provided by the 
normal nursery environment. The left eve was exposed 
only to diffuse, homogeneous, or unpatterned light, 
Starting at about age 16 weel the Ss were given 
monocular training (in two daily 15-min, sessions) on 
two or more visual discrimination habits 
the other eye being uncovered during training on a 
given habit. After mastery of a discrimination habit 
with one eye exposed, transfer of this learning with the 
other ey exposed was tested, If immediate transfer 
did not occur, the habit was retrained with the second 
eye. Figure 1 shows eye exposure, training, and lesting 
schedules for all animals. 

Control condition 1. One 5: Margo, female; 
period, 236 days; birth weight, 1.67 kg. 
Was kept in continuous darkness until 
Monocular patterned-light stimulation !3-hr. daily 
to each eye was given tq age 22 weeks, 7 hereafter and 
until the end of the experiment the monocular exposure 
of each eve to patterned light was 1.5 hr. daily. As 
with the experimental Ss, M as kept in the dark- 
TOOm except during the light exposure, training, and 
testing periods, Di crimination t aining was begun 
at age 22 wee Details of the schedule are shown in 
Figure 1, 

Control condition TH. Two Ss: M 
tion period, 226 days; birth 
male; gestation Period, 239 q 


» only one or 


gestation 
"This animal 
age 12 wee 


alcom, male; gesta- 
ght, 1.94 kg, Neal 


ays; birth weight, 2.14 kg. 


Both Ss were reared in the nursery under standard 
conditions and had normal binocular experience, 
During training on a visual 


discrimination habit, 
right eye was exposed. In the transfer 
only the left eye was uncovered (Fig. 1). 


however, only the 
tests 


Methods of Restricting Light Exposure 


Monocular exposure during periods B. C. 
(Fig. 1) was achieved by 
shaped piece of adhesive 
using additional smaller 


and D 
placing an appropriately 
tape over the eye s cket, 
pieces of tape to seal off the 
edges. Hairs on the orh ridge were trimmed periodi- 


cally, Except on very rare occasions the tape adhered 
snugly to the skin during 


the 1.5-hr, exposure period or 
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m jods 9 
13-min. training session. During the Do ae tubs 
exposure to patterned light, cardboard D the anit 
Were usually secured over the arms, so tha e IS 
could not tear off the eye patch with iS ie eye 
adhesive tape caused no unfavorable effec n anim?“ 
lid or skin around the eyeball in any S. ithout 29 
moved around, wearing the eye patch, W ; 
apparent discomfort, i liffuse light V ; 

The method of exposing one eye to ¢ s study 

similar to that employed in a Pre S was secu 
Adhesive tape covered the right eye. — a direc 
on a holding board in supine positions T eglas (e 
upwards. A translucent hemisphere of ‘ith an opti 
translucent,— 334-2000, 125 in. thick) wi 200-w. D" 
for the neck covered the S's head. OE light M 
provided indirect lighting in the room. S showing ^ 
through the dome is quite Sa CU i be no! 
lines, contours, or other patterning. It she trained os 
that when the diffused-light eye was being sped in qhe 
discrimination, the infant was neither stra] 


al 


indicated in Figure l atte 
The two 1.5-hr, periods of either DS él 
diffused-light exposure were given a 

forenoon with only occ 


of 
ned 
ve 


evel 


Testing "Apparatus and Procedures 


The method of formal dieser ret e. was S 
adopted from a previous study (4). des »ositive e d 
à feeding table, "The E raised either the T oí and @ cé 
negative stimulus plaque directly in front ed, ba as 
1.5 ft. from the S's face in a predetermin os d 
order. The plaque held in ae ee acting 
Sec. Correct responses consisted of M DN ones or 
positive stimulus or avoiding the SOM negatis 
correct responses were approaches to t re 
avoidance of the positiv 


ct apP P ne 
imulus. A porte a 5 U 
r 2:82. Oe 

ing S ink 1 or in 

was rewarded by allowing S to drink 1 iat 


strait, 

as y 

s nd à 8 ap 

ul diet—a mixture of milk, Pablum, incorrect the 
vegetable—from a nursing bottle. An 


ui 
he rol 


7 touc 
proach was punished by electric shock; g aa ofa, 
S’s mouth region with an electrode at the paving el 
The other electrode from an inductorium i. prot d 
viously been attached t0 the upper thigh. Mn f voe 
an unple: nt but not severe shock. For cor í 


S aai oe 
“4 f: «aut s finge he 
ance, E ted S’s head lightly with hi Ud 
animal incorre nc 
5 The n? hat 
rink an ounce or two. 


of expressing approach or 
among individual Ss 
the former was bringing th 
mouth, and making food | 


avoidance varied 
The most frequent expr i 
© head forward, opc? | 
var i 


by turning the head ay 
arms and hands, 

The two Ss of contro] c 
long adaptation period in y 
the eye patches. The othe 
preliminary feedings ay 
to the trai ing routine, 

Two training se 


air 
a fat [ru 


ndition IT needed 37 
rder to accustom ate 
T four Ss needed only " ne 
the table to accustom 


et? 


lons of about 13 min, each 
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and training, testing, and retraining schedules for all Ss. 


* Sun 
a Mary repres " m — 
inde AI R le ary representation of light conditions 
rites diffe 
B. Sht co, 
A 
Gi MOnocy 


1 line separating these 
for the two eyes. 


ft and right eyes; d 
meee condition 

ons during early rearing. 
lar light expos : 
training with one e 
cular transfer tests 


re period. 


` initia 
D. Mtia 
Mero, 
eye; 


Sey, 
n T 
nd and retraining 


"ye, Sco etin t 


Nar sts of H-V and R-B habits with 
* over 90 per cent correct in both ¢ 
"n total darkness. 
tily exposure to diffused light 


icated in pg 
"shaded. lin parenthes 


(Dif) for 


cs, 

daily ex: A 
laily exposure to patterned light (Pat) 
ion con- 
90 per 
ons (50 


and 4 p.m. Each ses 
tery Ww: 


ve sess 


l 

S à id ae AMORE n 
s The criterion of ma 
` During ja ESSE s ó 
tia Of their le period of training, the - received 
al yay | nourishment in the form of rewards. Addi- 

Mer g es fruit juice was fed to them at noon. 
Of this EA learned a problem with one eye: transfer 
ed nny were immediately given to the econd, 
Juring the period of transfer testing, 
to the 
Each 


MEME problem was given 
ested in a and to the unt ained eye. Fa 
the afte ne daily ion, either in the morning 
“Cd order Toon, according io a prearranged, 
all CO A transfer test required five days (50 
"e ach eye). For Margo and Norma, who 


Sen ed. ty. 
Iw Fig, "n problems concurrently with different eyes 
i lens D, the transfer tests lasted ten days; each 
td in Vas given on alternate S. Fhe procedures 
the aser tests (and in training the second 


; except for these 
ire, Laru, Sally, 


for the 


for hours indicated in parenthese 
monocular light expos 
kept in 


periods of 

Norma, and Margo were 

duration of the study. 
H-V: horizontal (positive) vs. vertical (negative) 


darkness 


striations. 

R-B: red (positive) vs. blue (negativ 
triangle (negative). 
sfer tests. 


C-T: circle (positive) vs 
show direction of interocular tr: 
als required for learn- 


Arrows 
Figures indicate number of tri 
ir ng with second eye (D). A zero 
means perfect 


ng (C) or for relearnir 
transfer. 


eye) were in all respects similar to those obtaining dur- 


ing original training. 

Three discrimination problems were used. (a) Hori- 
tive) versus vertical (negative) striations: 
and yellow stripes, 2 in. wide, painted 
ad plywood plaque (16 in. in di- 


zontal (pos 
parallel black 
alternately on a rour 
The plaque was pr 
yntal or in vertical position, (b) Red 


ented with the stripes 


ameter). 
either in he 
e (positive) 
s 5.5 by 


^o the human c 


versus blue square (negative): two 
5 in., one painted red and 
th 
rhiness. (c) Circle (positive) 


squan 
plywood square 
the other blue. 

equal in br 
ative): a circle 6 in. in diameter and 


colo 


s are ap 


proximately 
versus triangle (nes 

angle with a 6.5 in. base and 6-in. sides 
both cut out of plywood and painted white. with n 
0, 5-in.-wide black margin around the edges. A handle 


astened to the back of each stimulus for presenting 


an isosceles tri 


was f 
it to the Ss. 


[e] 
m 
N 
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TABLE 1 


Discrimination Learning Results* 


Subject Condition Habit (a) (b) (c) (di 

Laru Experimental H-V 92 90 4g 59 
R-B 91 92 60 —165 

C-T | 921 94 70 91 

Sally Experimental H-V 94 94 56 67 
R-B 90 96 s6 43 

CT 92 90 52 87 

Norma Experimental H-V 90 96 60 70 
R-B 94 92 68 86 

Margo Control I -V | 96, 98 90 — 


H 

R-B 100100 94 = 
Control IT H-V 94 94 96 = 

H 


Malcom V 
Control II -V 94.100 98 


Neal 


"Percentage of correct respon: 
(b) in s 


5 (a) in 50 criterion trials and 
ally trained ey 
tials with the 


and (c) in 


Visual Development 


Observations of the visu; 
mental Ss in da 
tion of their 
servations 
provide 
infants, 


In addition, the appearance of the eyes of two ex- 
perimental Ss (Sally, Norma) and one control & 
(Margo) was observed in darkness (using infrared rays) 
by means of a "snooperscope" or “sniperscope,” Special 
effort was made to detect any nystagmus, strabismus, 
or incoordinated binocular movements. We wish to 
thank Dr. K, J. Hayes for adapting the snooperscope, 


al status of the experi- 
light were made to obtain some indica- 
sual development, Although these ob- 
Were not followed Systematically, they 
a basis for comparing experimental and normal 


Ophthalmoscopic Examination of the Retinas 


For the purpose of detecting any peripheral damage 
that might have heen caused by the restricted light 
exposures, the retinas of two control (Neal 
and the three experimental Ss (Laru, Sally 
were studied with an ophthalmoscope, j 
anesthetized with Nembutal 
by atropine. We are greatly indebted to Dr. Wm. J. 
Knauer, Jacksonville, Florida, who made these ex- 
aminations and Provided his expert diagnoses. 


and Margo) 
and Norma) 
he Ss were 
and their pupils dilated 


RF 


TS 

"Training, transfer test, 
(with the Second eye) 
trials before criterion, : 
shows percentage of Correct responses with 
the originally trained eye (both the 50 cri- 
terion and the 50 interpolated test trials) and 
with the second eye; the last column shows 


and retraining scores 
are shown, in terms of 
in Figure 1. Table 1 
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; abit 
percentage savings in relearning he Mie 
with the second eye when perfect Ww 
Was not obtained. (By immediate or A p 
interocular transfer is meant that 90 <a the 
or more correct responses were made SP jg 
untrained eye in the 50 trials of the first 3 
test. More than five errors in giten 
trials is interpreted as failure of -— per 
transfer. Degrees of transfer refer t0 - 


ull 
2 "jously 3 
centage savings when the esc A 
trained eye was used in sending with th 
crimination Previously acquirec 


other eye.) 


yansfer 4 
Original Learning and Interocular Trans 
Visual Discriminalions m dil 
Experimental condition: Hu a jom 
fused-light and Late ad qt her par 
Laru learned two problems ior transl? 
terned-light (right) eye. She failed ther, W 
these habits immediately to the Veye mat 
trained eye, Her diffused-light (left d 60 P 
only chance scores (4g per cent t trials Ke 
cent, respectively) in the 50 teat ver; uv 
each of the discriminations. inpet " 
untrained eye showed a 59 per cent ver im 
relearning the horizontal reat we 
Striations. The fact that mem squ", 
required to relearn the red versus 9 | lea m 
than had been necessary for origina n chane 
may have been caused by the sodden / 
of Es during the course of training; 
visibly disturbed th 
problem, 


is signifi an chant? op 
Score is significantly better than c in eri ? 
the .01 level) but also significantly pret 
(at the .02 level) to the 94 per cent. 
responses made by the trained eye (1 T 
Forty additional trials were required t¢ 
the criterion on this third test, pl 
ally learned the first and third pro ro” 
with her diffused-light eye, the second I the 
lem with her Patterned-light eye. In vine 
transfer tests, given immediately follo” che 


aE Pie 
ach discriminatio 


able oh 


rci 


INTEROCULAR TRANSFER OF LEARNING 


vings, however, in relearning the 
Norma j^ the second eye. 
tical ieee the horizontal versus ver- 
and the p d with her patterned-light eye 
diffused-li n versus blue squares with her 
" interoeul s concurrently. Scores on the 
traineq eye RE transfer trials with the un- 
ormer and ced 60 per cent correct on the 
Only the & D per cent correct on the latter. 
Nan de a score is significantly better 
significan] = Bh the 02 level, but it is also 
a y inferior (.02 level) to the 92 per 
responses obtained with the 
trained eye. By the time of the 
i "ice test, her diffused-light eye 
stimula ti about 16 hr. of patterned-light 
My bir in daily training sessions. Savings 
5 clearnin® the H-V habit was 70 per cent; 
n ‘Ontrol ng the R-B habit, 86 per cent. 
igh Stin condilion 7: Monocular patterned- 
nta "ulation, Margo learned the hori- 
versus vertical striations with her 
with i2 and the red versus blue squares 
crite left eye, concurrently. She reached 
Dump Ton on the two problems in the same 
et of trials (600 each), and showed 
(Fig, Mterocular transfer of these habits 
and Table 1), Since Margo had only 
AT? patterned-light stimulation (to 
tha di Separately), these results indicate 
Sary p Ocular visual experience is not neces- 
Th " achieving the functional equivalence 
two eyes. 
condition II: Normal, binocular 
light. Both animals learned the 
al versus vertical striations monocu- 
ey sb : faster rate than did any other 5. 
t t is owed immediate interocular transfer 
NUM habit. ‘The untrained left eye made 
the § than 90 per cent correct responses in 
i, Est trials. 
the Evident that chimpanzees reared under 
ty "Derimenta] condition (one eye exposed 


? Dat t s 
‘Shi terned light, the other one to diffused 
Br," M sharp contrast to both control 


Be qux . s 
ttar = failed to show perfect interocular 
tit f €r of visual habits learned initially with 

T eye, [t should be noted, however, that 
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even though the eye that was not trained on 
a particular discrimination failed to show im- 
mediate transfer, there were large savings in 
relearning the problem with the second eye. 
Moreover, the course of relearning with the 
untrained eye simulates the original learning, 
resulting in a gradually increased accuracy of 
performance. An example of the learning 
curves is given in Figure 2, which shows 
Sally’s original learning, lack of immediate 
transfer, and relearning. 


Visual Development 

Several aspects of the Ss' visual charac- 
teristics were noted occasionally. The main 
results are summarized in Table 2, togeiner 
with normative data (provided by Dr. A. H. 
Riesen). The most striking finding was the 
occurrence of nystagmus in all Ss except the 
two normal controls. Nystagmus was never 
observed in normally reared infants. The 
diffused-light eye of the three experimental 
Ss showed the most severe nystagmus. It 
occurred the very first time that eye alone 
was exposed to patterned light. (Because of 
technical difficulty, presence of nystagmus in 
diffuse or homogeneous light was not ex- 
amined.) In three Ss (Margo, Laru, Norma) 
igmus of the patterned-light eye did not 
t first but developed gradually and to 
legree. Nystagmus of the patterned- 
light eye of the fourth S (Sally) was never 
observed. Independence of the two eyes with 
respect to the occurrence of nystagmus is 
therefore indicated, since it appeared in the 
diffused-light eye but not in the patterned- 
light eye of the same infant. The cover nystag- 
was characterized by a steady’ drift 
toward the nasal and a series of jerky move- 
ments toward the temporal side. When both 
only slight tremors were 


nysta 
appear a 
a lesser c 


mus 


eves were open, l 
observed in Margo; and in Laru, Sally, and 
Norma, nystagmus was less severe then than 


when only one eye was open. The fast drift 
of the binocular nystagmus was predomi- 
nately toward the side of the diffused-light eye. 

Laru, Sally, Norma, and Margo were re- 
acquiring the ability to follow a 


tarded in ak 
yellow pencil vis- 


moving milk bottle or a 


ually. Similarly, they were slower than 
normals in the development of blinking 
responses toward a hand quickly moved 


across OT toward their faces. 


so 


250 350 450 


2. Learning curves of Sally, 
line, diffused-light ey 
transfer test; open t 
labeled with 
tiens. 


+ open circle, 50 criterion trials 


H-V, horizontal Versus vert 


Two other items are not 
1: First, all four Ss having only monocular 
visual experience failed to converge to a near 
object 6 to 8 in. in front of the nose. (In 
chimpanzees with binocular experience, Riesen 
observed convergence to 5 in, at 11 weeks, to 
3 in. at from 15 to 26 weeks.) Second, three of 
them (Sally excepted) developed strabismus 
after they were kept in a patterned-light 
environment, All Symptoms reported above 
gradually receded after the animals had been 
kept in the normal nursery environment for 


various lengths of time following the end of 
the study. 


Results of 


included in Table 


Snooperscope examinations of 
Sally, Norma, and Margo showed 
appearance and binocul 
ments of the eyes in tot 
no detectable 
is evident 
above 


normal 
arly coordinated move- 
al darkness, 
nystagmus 
that the 
Were specific 


There was 
Or strabismus. It 
visual anomalies cited 
to light stimulation. 


Ophthalmoscopic 


Examination of the Retinas 


Results of ophthalmos opic examinations 
indicated that five Ss (Malcom was not ex- 
amined) had normal retinal blood vessels and 
funduses, The normal control (Neal), 
amined at the age of 16 weeks, also showed 
normal appearance of the nerve heads. Margo, 
Sally, and Norma, e amined at age 30 weeks, 


ex- 


150 
TRIALS 


showing original learning of the 
immediate interocular transfer, and relearning with the 


angle, first 50 trials with the untrained eye 
a T indicate the beginning of the transfer tests; 
ical striations; R-B, re 


eat nnl 
SO 150 250 3:0 4,6 SOS 


$0 150 


+k ol 
three successive discriminations, the ee 
ond eye. Solid line, patterned-light eye; Be e 
lid circle, 50 trials given to the original eye dur ines 

(interocular transfer test), ‘The verti 
double vertical lines 
«d versus blue squares; (C 


int 


scrim 
eparate the three disc 
T, circle versus triangle. 


ads 
: arve heat 
showed a Slight paleness of both nerve howe 
; aks, 8 
Laru, examined at age 30 weeks, 
such paleness only in the left retina. 
DISCUSSION a 
"pi ag a failure 
lhe present study demonstrates a Í transit 
í : ‘ slut Lr 
immediate and complete interocular : reared 
of visual habits in infant chimpanzees 


A ant 
with one eye exposed to patterned gh Ü 
the other to diffused light. Two Rod 
trols and one § with monocular yop 
light. stimulation of both eyes, on the vi ual 
hand, showed immediate transfer of aint 
tasks from the trained eve to the umi 
eye. This result agrees with previous i in” 
on pigeons (7) and cats (3). Failure vee in 
mediate interocular transfer was pn eye 
those. animals reared either with Lew dif 
(pigeon) or with one eye (cat) unde! er 
fused-light Stimulation. Thus, in both NI 
animals and in a higher primate, deve", 
ment of functional equivalence of p ol 
eyes requires patterned-light stimulatio! 
both eyes. 


al 
5 . . H ihe 
Evidence was obtained indicating jack 
B à 5 a V 
Peripheral factors do not account for the © o 


of immediate transfer. 
of various visual 
Strabismus, retard 
in following objec 


First, the ocurren. 
anomalies (nystag™ nd 
ation in blinking retlex E h 
tS) were not correlated W 
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TABLE 


Observ. 
served Occurrences of N: ye i 
Occurrences of Nystagmus, Visual Pursui 


Laru 
K d, B ELS 
l Nystagmus = 
Pursuit = 
Blinking ü € 
o Blinking ¢ - 
D|x 
"e Nystagmus = + = 
s ursuit + 
3 Blinking a = : 
- Blinking t - : : 
aly 
: ad aa e pcm pem 
25 id ia 2 T + 
=|= a E : 
Es S EE 
to | )¥Slagmus = E: T 
Pu pu 
$5 linkin des sp Pee: 
i in ing a cad oe ii - 
ks] k inking | i = zr a 
apes 
| Nystagmus TFH cb 
a uit usc sius Ead 
| H king a Hit T 
Inking 1 Te E 


nk eball 

sp o D * 
hese d observation made 

e| ata, f 1 n 

2 4, Tence 4) t, from five infants with binocu 
2 + Blinking to movement across the line of r 


5 wee 
eks and 29 to 32 weeks 


ilar visual experie 


e fa; 
n are al immediate interocular transfer. 
eile condition I) had as severe 
a ionic Meus and retarded general 
See Tike on as the three experimental 
Msfer able 2), yet she showed immediate 
s Sally had no nystagmus and only 

sho ribbons in her right eye, but this 
ther I ed the same lack of transfer as the 
Verity pe severely affected left eye. The se- 
e al anomalies in Laru reached 
i whic} s at the time of her last problem, 
"ansfer h she showed the highest degree of 


ansf, 
Op Second, in agreement with previous reports 
Ss “UMpanzees (4) and pig 8 i: i sili 
x "th vers (4) pigeons (6), the four 
Slower restricted light experience slinwed a 
= tate of initial learning than the normal 
rols, They also had slightly paler nerve 


o 


NING 


AR 


t, Blinking with Movement Across (a) and Toward (t) 


the Line of Regard 


Subjects 
Norma Margo Con- 
i trol* 
B R 1 B R L B B 
- + B 
= Zz + 
= | e+ = — - 
t+) 7 € = ++ 
F = T =; ++ 
= m = ns a 
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dep 4 [BEL t + To 
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plied to us by A. H, Riesen (published in part 


and was absent in one control at 


nee, were kindly sup 
d normally disappears with age, 
For the same reasons 
retarded learning 
be held re- 
rocular 


heads in the retinas. 
discussed above, both the 
and the retinal changes cannot 
sponsible for failure of immediate inte 


transfer. 
The present results also render improbable 


two other possibilities of accounting for the 
failure of immediate transfer, namely, that the 
ye may have been “confused” and 
to the transfer test routine, or 
have had no adequate visuo- 


untrained e 
not adapted 


that S mé 
motor associations through the untrained 
eve to respond correctly during transfer 


though the discriminanda 
themselves may have been recognized. The 
schedule and results of the three 
Ss (Fig. 1) fail tọ support 
ations. No immediate interocu- 


testing, even 
testing 
experimental 

these interpret 
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lar transfer Occurred in these 

matter whether the problem was 
the patterned-light eye and 

diffused-light eye or vice vers 
formance on her third 
noteworthy. She had had previou. 


infants no 
trained to 
tested on 


amed by each 
indicating that she had 
to the testing Situation 
ale visuo-motor associa- 
appropriately; yet she stil] 


€s on the third interocular 
transfer test, 


From these considerations jt may be con- 
cluded that the lack of immediate interocular 
traiisfer in Laru, Sally, and Norma probably is 
not attributable to peripheral factors, but was 
caused by mechanisms involvin 
nervous system of vision. The convergence of 
the optic fibers from both retinas to the same 
cortical areas apparently does not automati- 
cally determine the perceptual equivalence 
of the two €yes. At least initially, Some visual 
experiences obtained through patterned-light 
Stimulation to each eye are necessary to 
establish such equivalence, 

Some of the Possible 
central mechanisms involv 
a further finding. 
reported for pigec 


g the central 


Properties of the 
ed are Suggested by 
It is Consistent with results 
ons and cats that the un- 
trained eye of the three Ss showed, not perfect 
transfer, but considerable Savings in relearn- 
ing. This Partial transfer may be a function of 
partially interconnected neuronal groups in 
the cortical visual areas, There may be two 
neuronal groups in each visual area, one group 
receiving the crossed optic fibers, the other 
one the uncrossed fibers from the two retinas. 
These two groups are initially partly over- 
lapping, interconnected, or in part identical, 
The remaining unconnected neurons are the 
Structural] reason for failure of immediate 
interocular transfer. These neurons may be 
brought into interrelationship, as in the case 
of Margo, by receiving monocular patterned 
stimulation through each eye separately. But 
unstructured, homogeneous light stimulation 
is not effective. Once this partial isolation is 
overcome, the two complete neuronal groups, 
one for each retina, become equivalent or 
become a single functional unit. The develop- 
mental process of functional equivalence of 
the two eyes requires patterned-light stimula- 
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ial way 
; > essential W ra 
They also are not in any essent riict 


SUMMARY reared | 
Six newborn chimpanzees Were latio 
under three conditions of light ERE pat 
Two controls had normal, pesce jas 
terned-light experience. One S be mals eye p 
kept in total darkness except me fight e 
a lime was exposed to ee three experiment 
for 1.5 hr, per day. The qmen ze s 
58 (Laru, Sally, and Norma) Were ‘exposed i 
total darkness, but one eye i ee ig 
patterned light, the other to e fanis W° 
each for 1.5 hr. per day. All in E ai 
trained on visual discrimination. je 
with one eye and were tested for in is 
transfer to the other eye. amned t ha 
1. The two normal controls stria n 
criminate horizontal versus PE imme P 
with the right eye and showet to: ihid e 
interocular transfer of this habit 
eye. , , ye WI 
" Margo learned the horisgnta! "br 
vertical striations with one eye a 
versus blue habit with the other Ta uri 
rently. She showed perfect interoculé T 
fer of both habits. ved gn dre 
3. Laru and Sally were trainec earn? 
discriminations in succession. anned iet 
the first two habits with her panen use 
eye and the third habit with Ben aa nii 
light eye. Sally learned the first "m sec ua 
habits with the diffused-light eye, th Nor 
habit with the patterned-light eye. ne ges 
was trained on two problems, each to pi jim 
concurrently. These animals showed. ‘of ) 
mediate interocular transfer on eni saving, 
habits, but relearned them with much rans) 
The lack of immediate interocular ps ra 
in the last three Ss is ior? 
mechanism rather thar E 
Ii is suggested that th 
of the two eyes in in 
determined by 


V a 
lem 
be 


pi^ 
conc s 
Ane 


attributed to a € y 
? to peripheral f e 
€ functional equiv? "gt 
fant chimpanzees 15 ral 
Structure of the cen 


INTEROCULAR TRANSFER OF LEARNING 


vis 
D phe Ive The anatomical overlap 
same m rom the two retinas to the 
and not Bis areas is initially incomplete 
ome Billetes for interocular transfer. 
ocular or ti -light experiences, either 
complete T a are needed to achieve 
ional interocular equivalence. 
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More and more 
been turning to a certain set of related and 
hitherto neglected phenomena. These include 
curiosity and exploratory behavior in infra- 
human animals (2, 
in the human being (4, 5, 6), 
drives (10, 23) 
They 


'S from 
investi- 


Secondly, they 
xternal determinants 
State of the organ- 
do not seem to become 
learning in the same Way as 


a few years ago (2), 
ry of curiosity arising 
th rats. The drive in 
‘perceptual curiosity"? 
"epistemic curiosity" 
characteristic of human | 
(5). Two postulates underlie 
when a noel stimulus affects an organism's 
receplors, there will occur a drive- producing 
response (curiosity), and (b) as a curiosity- 
arousing stimulus conlinues to affect an organ- 


ism’s receplors, curiosity will diminish. As was 
Stated at the time, the 


Provisional form of these 
postulates leaves some essential questions un- 
answered. The curiosity drive is said to be 
aroused by “novel” stimuli, but the word 
“novel” can have several meanings. Must the 
stimulus be completely (absolutely) novel, ie., 
must it be Something the organism has never 
encountered before, or is ita matter of relative 


novelty or change, Le. must the stimulus be 
novel 


precec 


called * 


beings 
the theory: (a) 


with respect 
ed it or to w} 


to what has immediately 
nat has preceded it in the 
same context? How different must it be from 
similar stimuli that 


are familiar? Must its 


psychologists have recently 


jnation 
7 aw combina 
elements be new, or can it bea new con 


of familiar elements? radual 
Other problems are raised by exa Ir we 
decline in exploratory activity with i Hullin 
are to follow out the implications of decline 
behavior theory, we cannot dismiss wort orf 
glibly as nothing but extinction of |i e 
Tesponses. A response should extinguls atia tio! 
it ceases to be reinforced, and without ym why 
of the curiosity drive it is difficult to ids that 
this should occur. If, however, we SREM cull! 
the curiosity drive aroused by rr he 
object diminishes by being aa E 
decline in exploration is inpet pue 
crease in drive level will first of al xplof? 
decrease in the reaction potentials ide whe? 
tory responses (11, 12), and then ae Fie te 
there is no drive left to be reduced, are "° 
Sponses will extinguish because they , 
longer followed by drive reduction. the dim” 
Our theory (2) hypothesized that yeducibl? 
nution of curiosity follows a course € “ony i" 
from Hull’s two-factor theory of cca e int 
there should be a rapid but pay eer 
in exploration within a single trial pom e : 
ing to /,), and in addition there on dec ^ 
more slowly developing permanen 16 


an * 


i mery ^c 
(corresponding to sIn). Pop atory af 
found complete recovery of pase unt ha 
tivity after a 24-hr. rest and conclu is 


1 p 
Hull’s concepts are not applicable. ee the 
difficult to accept this argument a cet ade 
usefulness, as distinct from the D: e 15 
quacy, of Hull's formulation. Te diii co" 
quite compatible with the possibility dee: E 
ditioned inhibition (sIn) might have an he 
liminal value in certain situations, pee ely’ 
present state of Hull’s system, unfortun a iio! 
leaves us to ascertain which, Even in MT. 
learning, Kimble (13) found that sla apl ja 
only when enough reactive inhibition Un! jt 
accumulated to induce a resting respon?" 
seems not unlikely that a permanent dec! 
in the curiosity aroused by 
pear only in certain conditic 
amount of Curiosity 
ploration exceeds a thr 


m 


il ap” 
] ji eam 
an object W MU 
ons, e.g., whel e 

: 1 A 
reduction throug! as 


at 
eshold value, Be thé 
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PERCEPTUAL CURIOSITY IN THE RAT 


i 
aie y hardly deny that more study of 
ol er course of the decline and recovery 
on is called for. 
that i paper reports three experiments 
elinitive co nd fresh evidence, but not 
experiments a usions, on these points. The 
in another one supplement previous studies 
Ploratory b es Most. investigations of ex- 
21, 26) ha SIR ior in the rat (e.g., 14, 15, 18, 
ion fhm used the amount of perambula- 
Variable o maze alleys as the dependent 
Many valua Yu investigations have yielded 
n alley ca able findings, but running through 
drives ar ^E be motivated by so many different 
factors tha influenced by so many well-known 
"evealing at it seems rather an indirect way of 
Fury id What we have called curiosity. 
Means mE Whether more running necessarily 
dificul re curiosity than less running is à 
Steater question, Which animal is showing a 
Plores a LIBE tendency, one that ex- 
Short ia number of objects or areas In à 
i e or one that spends a long time us a 
d es remains relatively stationary: It 
9f be Mi Scem desirable to study some form 
lied toie or that is more closely and exclusively 
ate dd s net and approaching and sniffing 
Actor to fulfill this requirement most satis- 
i V for the rat. It would also seem de- 


, Ulp : : 
tic to examine a rat's ap roaches to par- 
cul 


the = mie of his environment rather than 
Xp e 1 ; 

a wp P Oration evoked by the envitanment as 

as 

u ,8 


n no 
n s In the experiments to be reportec 
Such a earlier study by the same author (2), 
atebir y by 
lechnique was used. 


Th APPARATUS AND SUBJECTS 
€ py. 

UE E g7 exposure box was simply a rectangular box. 
"etin Phil 4 in. wide, and 6 in. high, with a wire- 


as also rectangular. 
1 10 in. high. It 

so that light 
ither be seen 
rs at 


he e i 
but i oe Ploration box (see Fig. 1) wi 
Wag oas 1515 in. Jong, 8 in. wide, anc 


an, COVOere s 
CMtepg a Ted. with 


ed, 1 a ground glass lid, 


See a an animal inside it could ne 
9n Eni anything outside the box. The two come 
Diteeg d the box were cut off by convexly curved 
le "n, metal, forming a small alcove in which ob 
through be fastened. A beam of infrared light passed 
linings the box just in front of the alcove and then 
Mp 8d on a photoelectric cell. (A Lamphouse Type 
Ype Au an Osram Photoelectric Relay Amplifier 
LE MD, supplied by General Electric Company. 
a d, anlon; were used). In circuit with the cell were 
hse © clock and an automatic counter, so that when 
a rat broke the beam, the counter registered one 


INFRA- RED 
BEAM 


HOLE FOR 
SECURING OBJECTS 


BARRIER 
(EXPTS. TOIT) 


d 
pwovoceut w——l | 


Fic. 1, The exploration box. 


approach, and the duration of the interruption "was 
recorded to the nearest quarter-second on the clock. 

After trial 1 of Experiment I, a small screw !4 in. 
high projected from the floor just behind the beam. 
This was to discourage sitting in the alcove, but it did 
not appear to prevent it altogether. For Experiments 
II and III, the screw was removed, and a narrow strip 
of metal, painted gray. spanned the alcove of the 
exploration box just in front of the beam (see Fig. 1). 
It projected just 4g in. above the floor, and its purpose 
was to act as a barrier, preventing sitting down in the 
alcove or backward movement into it, but not inter- 
fering with forward exploratory approaches. 

The Ss were male hooded Norway rats of the Lister 
strain, aged about 10 weeks. They were provided 
throughout with ample food and water in their home 
cages. 

EXPERIMENT I 
Part 1 


Procedure, In this part of the experiment, the 
exploration box was empty. The aim was to study the 
on of one particular part of an empty box (the 

the course of one exploration period 
se days. Each of 18 animals was there- 
fore accustomed to handling during the two weeks 
prior to the experiment and then placed in the empty 
ion box for 10 min. at a time on three succes- 
s. In preparation ior part 2, the animals were 
v at random into three equal groups N, F, and 
0. The animals of group F were placed in the pre 
sure box with a 1-in. unpainted wooden cube for 
after each of their three spells in the explora- 
x. For purposes of control, the Ss of the other 
two groups were likewise placed in the pre-exposure 
box for 10 min. after each of their trials, but for them 
the cube w absent. Both boxes had interiors painted 


gray. 


explorati 
alcove) both in 
and on succe 


expe 
10-min. 
tion bo: 


The time per approach proved to be 
in a way that bore no clear 
rimental conditions, and so it 
A split-plot 


Results. 
highly variable 
relation to expe 
will not be mentioned hereafter. 
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TABLE 1 
Experiment I, Part 1 


A. Whole-plot (between-trials) analysis of variance 


M Mean " 
Source dj square | F 
et | iot | 
Over-all slope 1 747.1 49.8159 
Over-all deviations from 1 | 343.0 22.87*** 
linearity 
Individual means 17 


Individual slopes 7 
Individual deviations from 17 
linearity (error) 


Total 


B. Subplot (within-trials) analysis of variance 


(transformed data) 
ST 


—— x RN 
Source af | Mean | 
Square 
Subperiods 2 | 14261 57,9459 
Subperiods X trials 4 690 | 2.76* 
Subperiods X rats 34 | 343 
Residual (error) 68 | 250 | 
Total 108 | 
- Le ——Ó s 
""* p < 001 
"b «€. 
*«.05 
ccce RN Er RN 
C. Mean Approaches per minute 
Trial | Trial | Trial AN 
Lo x trials 
air e = | 
Subperiod 1 (1 min) 3.3 | E] L4 
Subperiod 2 (2 min.) 2.0 | 0.5 0.3 
Subperiod 3 (7 min.) 1.2 3 0.6 
Whole trial (10 min.) | 1.58 | 0, 0.95 


59 | 0.68 


analysis of variance for 
formed on t 
details are displayed in Ta 


trend (1) was per- 
approaches, and its 
ble 1. The data were 
ute, the next 2 min., 


of each 10-min. trial. 
numbers of 


2 and p^ respectively, for the 


» Then, since this treat- 
ment could be €xpected to produce non- 
homogenous variances, Within-trials data 
underwent a transformation: 


x — 100 log 
(1 + x) before being analyzed, 


the 
The following emerge clearly from 
results: ; 

1. There is a sharp drop in exploration f the 
the first day to the second but not e ex 
second to the third. This can pc 5 after 
plained by the presence of the oats 
trial 1, as the screw was too eget 
unless S attempted to sit, and posee í 
sitting would increase rather than dec 
number of approaches. jari 

2. Exploration declines steeply ¢ pA 
10-min. trial with a concave-upward aM 

3. The proportion of the total € on suc 
performed in the first minute increase! 
cessive days, 


rom 


ch 
ng er 


pon 


Part 2 
First Trial 


j^ 
. experime? 
Procedure, The second part of i e wo! den 
studied exploration of the 1-in. unpai à 
cube in the alcove, i ait d a 
On the day after the third trial s Pars mi 
animal was placed in the pre-exposure aile the ur 
TOUD F were there exposed to the cube, v Then, af s 
was empty for the other groups as before. the exP y 
an interval of 10 min., each S was placed in 2. But i 
first 3-min, trial of Pant conditio 
three groups were tested under pue arous 
to provide information on the P. 
curiosity by nove] objects. ined the cubes á 
For group N, the alcove containec 


A vel object. and 

this was for them a completely novel ni^ cube, fort 
For group F, the alcove wap iig inet i it 

this was a familiar object which they ha u 


T : e box, © ney 
during their four spells in the Ke tice N iu ch 
was also a relatively novel object reed xd 
had never before seen it in its present seus and so the? 

For group O, the alcove was still empty, à 
constitute a control group. ie by 
~ ches mac 75 
Resulls. The number of approach part” 
each S in the 3 min. of the first trial, rinë 


u 
ade du 
was compared with the number mad 1 


> part. " 
the first 3 min. of the last trial d Pie in 
Only for group N was there a riage Ut he 
crease (/ = 3.55, p < 01). Next, b jal 


tri 
increases from the first 3 min. of the M ps 
Dart 1, to the first trial, part 2, and wb J, 
bers of approaches in the first trial, P df 
were compared for the three groups. “I her and 
significant differences between group (ol: 
group O (mean increases 8.5 [N], 2.2 pe? 
(= 241; df = 10; p < 05; mean approaeyys 
= 72 [N], 4.0 [0]; / = 
for one tail). The data for group F are mic 
between those for the other groups and ! 
significantly different from either. 


way 
ot 


217; df = 10; p € 
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TABLE 2 
Oe Experiment I, Part 2 
aaa RR A. Analysis of variance (between trials) 
| 1 minute 3 minutes 
Source | df - 
0 | Mean square F | Mean square | F 
Ver-al] —— = | —|- E 
Over. dune " 1| 19.6 5.76*(0 0.0 | 
Viations from linearity 2 | 4.6 19.2 | 2.02(c) 
toup M/D 1| 47.5 5.59*(a) | — 86.7 2.82(a) 
Means N/F/O 2 | 0.5 27.2 
Interaction 2 | 12.3 16.4 
Group s} M/D 1 34.8 $.92*(b) | — 19.6 2.71(b) 
pes { N/F/O 2 4:2 | 12.7 
Interaction 2 | 12.3 | 1.9 
Group deviat; [M/D 2| 102 3.00(c) 17.1 
i tations { N/F/O 4) 8 | 30.8 | 324(0 ^ 
“dividual (Interaction 4 | 7k 7 26 d 2.75(c) 
Mdividual P'ean$ (Error a) | 12 8.5 2.50*(c) 30.7 3.23**(c) 
Mii Slopes (Error b) |n 3.9 7.2 
A deviations (Error c) 24 3.4 | 9.5 
beg o pounn. u 7 — 
Big is 
t MEME — 
CES E B. Means — u E 
| Trial 
| IPS - All trials 
SS 1 | 2 3 4 
Vg. fur ——— ‘a j a 
min, [M w nar" a | a 2.3 
Po. DD 25 . 28 3.7 4.0 n 
min, JM 6.9 4.2 3.3 | 4.0 4.6 
ES m» 8.0 5.3 7.6 6.8 
W 
i: atí c a dmately 24-hr. intervals, 
tt Nave s " ; exploration box at approsimately ^47 als, 
nt With a ingest established that ‘He while condition M meant four 3-min. trials at 10-min. 
| Ste " a completely novel object explored intervals. For groups N and F, these four trials in- 
"ud no n the group with no object. But We cluded the first trial for part 2, which has already been 
jer answer to the question whether this discussed. Since group O did not Lge cube in the 
a ce j iec x] ion box on this first trial, they were given 
Er 1s s xploration ] 
gi ü ver b due to the fact that G Spa pies trials, massed or distributed, with the cube, 
f ever es met before, t tue fact; We beginning on the next day. 
pet ati een met in that setting, OF tO the . . 
ine, - 1t provided more stimulation —visual, Results. An analysis of variance for trend was 
‘love etic, tactual, olfactory——than theempty carried out on the numbers of approaches in 
j g whole 3-min. trials and also on the numbers 
um «Dd, of approaches in the first minute of each trial. 
s; Ung fi. a The details appear n Table 2. A subplot 
3 1 s. " z `i 
to Dtion ication of our Postulate (D), with the as- analysis was also undertaken to compare the 
tial ibition the satiation of curiosity is analogo approaches made in successive minutes within 
Pern e A EN ped 3.2 for the first minute, 
Tiberis ibuted trials mu eMe za Borer De SEO, and 0.9 for the third. The 
tay Te pu I was intended to test this prediction. significant F'sin the subplot analysis are for 
NA " cos Sup of n. groups were allotted at — minutes (F = 39.6, df = 2,96, p < .001) and 
duc, condition D and three to condition M. This ; s > itions M DH E 
hy Weed a3 $ 2 factorial design. The Ss for condition for minutes X conditions M or D (7 5.81, 


Eteiy, : i f 
lved four 3-min. trials with the cube in the 


df = 4,96, p < 0D. 
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If the first-minute approaches for the 9 Ss 
undergoing condition M are considered sepa- 
rately, the difference between trials is signifi- 
cant (F = 5.56, df = 3,24, P < .01). But the 
Corresponding F for those undergoing condition 
D is not Significant, and so no decline with 
24-hr. intervals is apparent. 

The results therefore show 


Once again a 
pronounced decrease in 


exploration in the 


» therefore, especially in the 
light of what we found in part 1, that the 


satiation of Curiosity is shown Most sensitively 


by what happens in the first minute of ex- 
ploration. 


EXPERIMENT IL 


First, there 
solute and relative 
established whether 
ed by its having met 
setting or only by its 
it in its Present setting, 
! of Experiment IT was 


remains the question of ab 
novelty. We have still not 
arat’s curiosity is diminish 
the object before in any 


test object in a different 


Secondly, we have the problem of whether 
Satiation survives à 24-hr. rest. In part 1 of 
Experiment I (with the exploration box 
empty), we found clear evidence of a decline 
in exploration from one day to the next, but 
in part 2 (with the object) there was none, 
Various hypotheses to account for this dis- 
crepancy suggest themselves and indicate 
variables that call for investigation: 

1. The fact that trials in part 1 lasted 10 
min., while those of part 2 lasted 3 min., may 
have been responsible for the difference. A 
critical amount of curiosity reduction neces 
sary for a permanent de Tement may require 
more than 3 min, to be reached. 

2. Since the empty alcove resembled the 
rest of the exploration box more than the un- 
painted cube did, Satiation generalizing from 
exploration of the rest of the box might have 


jo” 
sa uct 
aja " ty red 
enabled a critical amount of curiosity 

with 
Ionge! 
long? 
ty 


to be reached more easily in part 1. bject 
3. The curiosity aroused by an zl 
its multiplicity of stimuli, might | an emp 
to satiate than that aroused by 
alcove. If so, a critical amount : "s 
reduction may not be reached by 5 present E 
trial. Welker (23) found that ohjeen pi stimt! 
more complex and more Lars ml 
are explored more readily by pes mn ul 
4. A permanent decline in exp of a pari / 
follow only a rat’s first experience 0 ii may 
lar situation. Only the first experienc i 


iosity reduc” 4 
: Wm "uriosity Fe 
casion a critical amount of curiosity TeS 


» 5 the 

Part 1 of Experiment I nea E: y 

s by id 

second of these hypotheses by Ts pa a 

test period with an object, anc "ET ve 

exploration of an object ares that 0^ 
color as the interior of the box w 

unpainted object. -për 

by. and 

"ye 

dint 

T 


Procedure, Tw enty Ss were putet 
placed in the empty exploration bos icis 
having their approaches to the alcove rats ac 
were then divided into five levels of leur one Ta: gf 
to the number of approaches made, E ch ol jp 
cach level was allotted randomly to TU. On m 
experimental groups—NG, PG, NL s piven 2 L jte 
the following five days, every S as F adiatels 
spell in the pre-exposure box and, im 


ox 
son be vat 
„ie > exploratior "E 
ward, a 10-min. test-trial in the explo 0% 


rded- 


re 

; Th. Ev. f the pre-exposu 

an object. The interior of the pre-ex] intel 

painted black. ly, an unpa the 
Two objects were used, na mely; ibe paint“ jor 

wooden 1'y-inch cube and a similar cu 


r the exp 
same shade of g iv as the interior of Pt n 
box. Groups NU and PU were Louis with the Fos 
painted cube, and groups NG and PG expos ned 
one. Groups PU and PG had in the p h i 
à cube of the same color as the one wit 


which | he 


1G he 
` s NU and N 
were to be tested, while groups NU HAR] 
cube with which they were not to be tes 


nd, 

Results. Analyses of variance for ve o " 
lar to those shown in Table 2, Mere F in. pt 
on the numbers of approaches in 10-m saris", 
and in the first minutes. Of the d ont 
in which we are interested, the BE oh Ja 
show a significant F was that for ed is 
between group means of rats tested <a d a 
unpainted cube and rats tested with t r 
cube. The mean approaches per trial we . cub" 
to the unpainted and 12.8 to the BF pri” 
(F = 540, df = 1, 16, É < .05), The n 
sponding data for the 


A . d S rsen s m 
significant difference, None resulted frc 


J : ;elded i. 
first minute yield re 


i 


PERC 


epost 
As lage test cube in the pre-exposure 
lerene nci ror pre-exposing them to a 
successive Wiehe and ,none emerged. between 

als on different days. We are still 


elt, ther 
efore, wi . 4 pat 
urther study ith two problems requiring 


Parl 2 


The 

sec : ; 

Ect of cond part was concerned with the 

Ox i onting a rat in the exploration 
a different object from the one S had 


explo 

red the - : 

'ould oe on at least five previous days. 
n he cha È : 
Uriosity> change produce an increment in 


Prog 

Nery um On cach of the two days following part 1, 
X. One tain a 3-min, trial in the exploration 

nat was with the object that had been used 
^T the other was with a different object. 
S NU and PU, the new object was 2 black 
Soups Ne they had never met before), and for 
they had and PG it was an unpainted cube (which 
p et id met before in the exploration box but 
ad the Ds the pre-exposure box). Groups PG and NU 
- dh object on the first day and the familiar 
grou Y second, and the order was the reverse 

PS NG and PU, 


Res 
i lig. Wia ster . i 
N the coy, No significant. differences appeared 


“ther ourse of a split-plot analysis of variance 
“ond 2elween new-object and familiar-object 
any other 
* The change did not therefore. pro- 
there were 
to the 


b an i ^re! H H . 
tually Increment in curiosity; 


fam iar ghi more approaches 

‘nd s than to the new object (means = T2 

tha k respectively). It may be worth noting 

“any » proaches decreased, but not signifi- 

*m » Tom the first to the second day (means 
and 5.0, respectively). 


Parl 3 


Pa 
n : . 
fi 1 failed to support the first and second 


h 
e ; s 
lo YPotheses that were cited with reference 
a 24-hr. 


the l 
tery, persistence of satiation after | 
ivi ie - Part 3 was therefore carried out with 
ha d testing the third hypothesis, namely, 
May oP Object presenting a variety of stimuli 
Meg ree liis more curiosity than an empty 
Whi e t At the same time, it was deemed worth 
i, e 9 investigate whether holding an animal 
Im e Narrow confines of the pre-exposure box 
Suge lately before testing has any effect on 

quent exploratory activity. This question 
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is of interest in the light of Montgomery’s 
failure to find a relation between exploration 
and a general activity drive (17). 


Procedure. All Ss were given a 10-min. trial in the 
exploration box on each of the two days following 
part 2. Groups NU and PU were tested with a gray 
cube which they had never seen before, and groups 
NG and PG were tested with the alcove empty (which 


it had not been during the past seven days). Groups 
PU and NG were confined in the empty pre-exposure 


box for 10 min. before each trial, but groups NU and 
PG were taken to the exploration box from a large 
and roomy cage. 

Results. Analyses of variance were carried 
out on 10-min. and first minute data. The Ss 
that were tested with a cube in the alcove e»- 
plored significantly more than those tested 
with the alcove empty, according to first- 
minute data (means = 3.4, 2.8, respectively; 
F = 840; dí = 1,19; p < .05). The corre- 
sponding difference between 10-min. data just 
misses the .05 level of significance (means 
= 184, 11.2; F = 4.24). There was no ap- 
preciable difference between Ss confined in 
the pre-exposure box before testing and the 
others, a finding consonant with Mont- 
gomery's. However, a split-plot analysis of the 
first-minute data revealed a significant decre- 
ment from the first day to the second (means 
3:9, 2.33 = 13.7; df = 1,16; 5 < 1). 


EXPERIMENT III 


Part 1 of Experiment II showed that more 
approaches were directed to an unpainted 
than to a gray cube. This may have been due 
to differences in odor or to the fact that the 
unpainted wood resembled the animals’ food. 
If so, no issue of great theoretical interest 
arises. But it is also possible that differences in 
brightness are involved, and this was deemed 
a variable worth investigating. Since the un- 
painted cube was lighter than the gray one and 
also contrasted more with the rest of the 
interior of the exploration-box, we have two 
distinct variables to manipulate separately. 

Secondly, part 1 of Experiment I failed to 
hat SS that have been pre-exposed to the 
test. object immediately before each trial ex- 
plore it less than Ss that have been pre-exposed 
to a different object. But our theory requires 
pre-exposure should have some effect. 
1l have been too much stimulus 


show t 


that 
‘There might we 
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Comparing the effect of pre-exposure to the 
test-object with that of pre-exposure to an 
empty pre-exposure box. 


Procedure. Twelve rats (group G’) 
with the exploration box painted gi 
other experiments. But the color 
changed to white for group W’ 


29. ‘Ae treatments were: (a) 
empty pre-exposure box followed by 
exploration box with 
the pre-exposure box 
mi. in the exploration box with a g 
in the em ply pre-exposure box fi 


the exploration box with a while 115 
min. i 


a gray 115.in, cube; (b) 5 


box with a while cube, 
ats received the treatments in 
orders, so that the design for each gi 
form of three Ex 4] 

represented individual S: 
different day i 


different 
rOup took the 
latin squares whose columns 


times. Ss of 
of group G’, 


data for Whole 5-min. 
a for first minutes were submitted 
to a split-plot analysis of variance (Table 3). 
It will be seen that neither the albedo of the 


r the contrast between its albedo 
and that of its Setting produced an 


effect. Pre-exposure to the test object, if we 
halve the probability given in the usual F 
table on the grounds that a Prediction in a 

i zas made, produced the ex- 
pected effect according to the first-minute data 
at the .05 level of Significance, The first-minute 
means were 2.6 approaches with pre-exposure 


appreciable 


mental design, Which 
with 


color of the exploration box, does not 
allow us to decide from our results which of 
these two Variables is responsible for this 
difference. But the findings of other experi- 
menters supply a Probable answer to this ques- 
tion. Montgomery (17) reports that his rats 
engaged in about equal amounts of exploratory 


TABLE 3 


Experiment HI pee 
A. Analysis of variance me 
e! inute 
SS D First | 
5min. la! 
data Ems 
Source df == Mean | £F 
Mean ě p square 
square ee 
" TN 0 
Group (W° or G’) 1 160.2 8.1 
Subjects (Error a 22.) 56.4 0.4 
i 2 
Color of object 1 32 9.4 
Pre-exposure 1 13.5 1.5 
Color X pre-exposure 1) B 6.9 F 
Days 3 146 0.0 
Color X group (Con. |. 11 
trast | o7 
Preexposure X group | 1 04 | qua 
Days X group 3| 16:2 | oo 
Color x Pre-exposure X 1 23.0 
group . | 28 
Residual within sub- 060 14.7 
jects (Error b) 
ant at .05 level. í pd 
ailed test. 
3 Significant at .05 level by one tailed teste 
> as — i 
"d 
B. Means — 
- I " 
~ a, day? 
Day Al 
4| 
3 
1 2 min 
2.7 5,00 
; 2.6 2. 5 
First minute 3.8 2.8 E s 5.3 | F 
5 minutes 7.0 6.0 3.3 | 
E of 


x maze 
behavior whether they were ina acis “ee : 
a black maze. On the other M. inc pi 
that the general activity of the ra begin™ 
Steeply with age up to at least the 
of the fourth month (20). tange dien y 

Although the analysis of NOE en "^ 
exhibit a significant. difference be ection, n 
proaches on different days, an MS plon, 
the means reveals a tendency for "d da) 
to decrease, especially after the from ^ 
Actually, 16 Ss Showed a decrease the ir? 
first minute of the first day’s trial to 
minute of the second 
showed an increase, gue’ 
is the .01 level by the sign test. But ne joke 
€ second day. It se in 
therefore, as if a Permanent decreas yal? 
curiosity is mainly jn evidence after the MI 
first exposure to à Situation, This agree? "m 
the findings of Watson (22), whose rats rally 
strikingly less emotional] and less gene 


h 
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active à ai. es , 
after their first experience of an experi- 


m n 

dm rar even when several weeks 
periment I n their second experience. Ex- 
asting declin thus confirms the existence ofa 
Ast trial secs exploratory activity after the 
Experiment LT we also found in part 1 of 
Manifest itself į he failure of this decline to 
tributed to T in Experiment H may be at- 
in the expla fact that the Ss were placed 
mitia] ex i= box for 3 min. to determine 
in that Pai levels before participating 
Ist ami E They therefore had their 
trials ieran e of the situation before the test 
9 account c the fourth of our hypotheses 
Ment II of , or the nonappearance in Experi- 
lion Seen a permanent decrement 1n explora- 

NS to have been supported. 


SUMMARY AND DISCUSSION 


0 
s as experiments have sampled the 
thought Several of the variables that might be 
Made y to influence the number of approaches 
Particu a well-fed and well-watered rat to à 
and he ritem in its environment. The positive 
mariza Ve results obtained may be sum- 
k Min follows, the relevant experiments 
of experiments being indicated in 
; peses, 
JA dH 


9sity curi- 


nding concerning the arousal of 
Was: g 

Tg 2 Part of the environment presenting 
More b and complex stimuli is explored 
Stimuli "n one presenting few and simple 
"ind; I, 3; and possibly I, 2 and II, Lye 


. Ind lr pe^ A 
osi "ES concerning the satiation of curi- 
Y Were: g 


`A 
turg a anent decrement in exploration 
situați after an animal’s first experience in a 
ion (1, 1; gt) 

MEAN 9 i . A ^ & 
nima i object evokes less exploration if 
al he pray 
legys 48 been exposed to it for 5 min. before 


an 


308 (III). 

hast co is a decline in exploration W 
'S given four massed trials at 

TEM, 2) 
fleg e; e amount of exploration per minute 
rd 
2 


hen the 


Nerval 10-min. 


Pa d according to a concave-up- 
e in the course of a single trial (I, 1: 
" „and confirmed by other experiments). 
In h he proportion of exploration occurring 
ni z first minute of a trial increases after an 
al’s first experience of a situation (I, 1). 


UN 
I 
, 


245 


6. The decline in amount of exploration in 
successive minutes of a trial is more pro- 
nounced with distributed trials separated by 
24-hr. intervals than with massed trials sepa- 
rated by 10-min. intervals (1, 2). 

7. There may be a further permanent decline 
in exploration after daily trials for a week 
(XL, 3): 

Variables which were not found to influence 
the amount of exploration were: 

1. A change in one feature of an environment 
that the animal has explored several times 
previously, the last time being 24 hr. ago 
(II, 2). 

2. The albedo of an object (IID. 

3. The difference in albedo between an b- 
ject and its setting (III). 

4. Whether or not the animal is confined in 
a small box for 10 min. before being tested 
(I, 3) 

5. Whether the animal is exposed, just before 
testing, to an object identical with the test 
object or to one differing from it only in albedo 
and possibly odor (II, 1). 

Some tentative conclusions suggest them- 
selves: 

1. In view of the apparently permanent 
decline in curiosity after a first trial, the ap- 
plication of a two-factor theory of inhibition 
to the satiation of the curiosity drive is not 
ruled out. It would seem, however, that some 
such modification as that introduced by 
Kimble (13) to cover the facts of motor learn- 
i.e., the permanent component 
l only be manifest in certain 
One possibility is that the 
reduction must exceed a 


ing is required, 
of satiation wil 
circumstances. 
amount of curiosity 
threshold. value. 
Welker's chimpanzees (23) showed a de- 
in responsiveness to particular objects 
1 days up to a month. It 
elker's experiments, like 
individual 


crease 
over periods of severa 


is noteworthy that W 
our tested exploration of 
objects, whereas Montgomery (17), who failed 
to find a day-to-day decline, observed explora- 
tion of parts of a maze. We can only hazard the 
suggestion that maze runways present a large 
assortment of stimuli, so that a 10-min. ex- 
ploration period may not allow enough time 
to satiate the curiosity aroused by most of 
them to the point at which a permanent decre- 


ment ap] years. 


own, 
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2. Apart from the decline after the animal's 
first experience of a Situation, curiosity seems 
to be aroused mainly by short-term norelly, i.e., 
by something different from what it has b 
perceiving during the past few minutes. We 
found no evidence that exploration is affected 
When there is change in one feature of an en- 
vironment that S has encountered several times 
before but not within the last 24 hr. On the 
as our previous experiments 
showed (2), an object that was not in the situa- 


een 


drive may thus be more closely related than 
we thought (2, P- 71) to the "investigatory 
reflex” mentioned by Pavloy (19, p. 12). 

3. Since we so often f 
with the data for the fi 
exploration box and no 
trials, and since 


ound significant results 
Tst minute spent in the 
t for the data for whole 
a disproportionate amount of 


"ern the first minute, and there- 
after exploration Seems to depend much more 
on chance factors, 
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DAILY PATTERNS OF VISUAL EXPLORATORY BEHAVIOR IN 
THE MONKEY! 


ROBERT A. BUTLER AND HERBERT M. ALEXANDER 


Audiology and Speech Correction Center, Waller Reed Army Hospital 


R 
paa monkeys learn color-discrimination 
yt ndi Correct responses are rewarded 
tory behav: unity to engage in visual explora- 
“arming xn " ). Moreover, on discrimination 
ave demont, mna Butler and Harlow (3) 
Slstent]y ta eer that monkeys respond per- 
“ntinuous h ud incentives throughout many 
Contro]led eas of testing. In these studies, E 
Presented a = are at which the stimuli were 
he stimuli nes latency of the S’s responses to 
lona] st as taken as the measure of motiva- 
limit o Tength. The Æ also imposed a 30-sec. 
havior f the duration of visual exploratory be- 
Althou fim correct responses. 
Videq = these testing techniques have pro- 
behavior uable data on the visual exploratory 
Preci el rt monkeys, they are not designed or 
Y adapted for investigating motiva- 
lor ex Length. Some brain-damaged animals, 
'üpiqi. n UIN responded consistently and 
Um PUL spent only a small fraction of each 
‘tounge period visually exploring the 
“Dare ing environment (3). There was ne 
Sy “Mt effect on response latencies of the 
CR ess or failure on. problem solution; 
b: ie S, it is desirable to eliminate dis- 
he ation problems from the testing situation 
Sistence « emphasis is to be placed on the per- 
The of visual exploratory responses. 
Drove (Present experiment was designed to 
tiong à More direct measures on the motiva- 
an ap Strength of visual exploration by use of 
to cv Paratus in which the Ss were permitted 


mL 5 A 
Sbon, tol both frequency and duration of re- 
and repetitive 


MAS 
“onal 


es 
lest She throughout prolonged 
Ssions, 


Sup; METHOD 
‘iets 2 


301, 302, 303. 
ged from 5 to 
had had pre 


Sls i 
394 X im 
ma 
TU 5 Mature rhesus monkeys (no. 
i 


m AH 306), whose weights 
^us jp Ve as Ss. None of the animals 
Oratory testing experience. 


Va 
C, The a 

NI © authors wish to express their appreciation to 
t n ph V. Brady, U.S.A., and Dr. Murray 
hej Army Medical Serv Graduate School, for 


t 
ec Mee EE 
Operation in this experiment. 


Apparatus 


The monkeys were tested in an enclosed aluminum 
cage measuring 26 by 16 by 30 in. An aluminum door, 
314 in. sq., was centered on the front of the cage with 
its base 11 in. above the floor of the cage. A vertical 
metal arm was attached to the door and extended 3 
in. above the cage. A spring was connected to the 
extended arm of the door and to the top of the cage 
in order to hold the door in the closed position. With 
the door closed, the extended arm contacted and de- 
pressed a normally closed microswitch situated om the 
top of the cage. When the monkey pushed open the 
door, the microswitch reverted to its normal position, 
which in turn activated a counter and a running time 
meter. As soon as the monkey stopped holding the 
door open, the action of the spring closed it immedi- 
ately, thereby depressing the microswitch and stopping 
the running time meter. With this arrangement, the 
frequency and duration of responses were recorded 
automatically. A 25-w. lamp attached to the roof of 
the cage provided illumination within. The inside of 
the cage was painted black and the door white. The 
monkeys were introduced into the test apparatus 
through a sliding door loca ted at the rear. Testing was 
conducted in a room housing à colony of approximately 
30 rhesus monk including those that participated 


in the experiment. 


Procedure 

Preliminary training served to adapt the monkeys 
to the test apparatus. For the first several preliminary 
training sessions the animals were housed in the cage 
with the door fixed in the open position, soon as the 
monkeys appeared to be adapted to the cage and re- 
mained in front of the open door rather than staying 
in the rear of the cage. they were trained to open the 
door when it was completely closed. Three of the 
animals learned this without special training. For the 
other monkeys, it was nec y first to unhook the 
he door, then close the door part way. 
responded. by pushing the door 
door further. Within a. few trials, 
n the door when it was com- 


spring from th 
When the monkey 
open. E closed the 
monkeys were pushing oper 
pletely closed, and continued to do so after the spring 


had been attached, thereby completing preliminary 
testing. 


Formal testing consisted of testing each monkey 10 


hr. a day continuously on six consecutive days. Fre 
quency and duration of responses w ere recorded, The 
test ions always began at approximately 8:00 

re fed a standard laboratory meal 


am. The animals we 


30 min. 
able inside th 


before being tested. Water was always avail 


he cage. 
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RESULTS 


The data Were analyzed in terms of mean re- 


Sponse frequency, mean duration of responses, 
and total duration of responses. Friedman's 
chi-square test was used to test for significance 
between days and between hours within days. 

Figure 1 shows mean number of responses 
and mean duration of responses as a function 
of days. Response frequency tended to decrease 
as the experiment progressed, but the duration 
of responses appeared to increase. No sig- 
nificant differences in mean response frequency 
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Fic. 3. Total response duration as 
hours within days. 


. "E 
were found between days, but ini ic pi 
mean duration of responses were re? m 
beyond the .05 confidence level. F cite u 
the total duration of responses WE monk®) 
six Ss, and these data suggest that mount ° 
Worked to attain a espana xet i mani | 
daily visual exploratory ap sag : conto? 
lating the two variables under : duration : 
Viz., response frequency and m Caily et 
each response. The mean S nee with ^. 
response durations was 246.7 Total respon 
standard deviation of 47.3 min. Loen Thi 
durations ranged from 181 to 331 seas ed ig 
the total daily response duration rec inde jl 
the Ss averaged more than 4 hr., i$ iva tio 
striking demonstration. of the moti 
Strength of visual exploration. esp 

Figure 3, in which total duration of He di 
is plotted as a function of hours vitis, 
illustrates the marked fluctuations corda. 
amount of visua] exploratory piri P nce 
for the various hours, and these di ewe! 
at the .05 level. T pear ir 
istent increase or Gii fro™ 
Sures of responsiveness í 
10. ne 
Variations ip the amou jou 
TY behavior recorded for E phe 
peared to be related ap 
DE in the colony. For ea^ sral 
lest 


ons? 


as 
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hour. 
eel y was fed. Feeding continued 
Y vigorous ae and was always accompanied 
© colony Pars by the. monkeys of 
vas quiet one hours 4 and 5, the colony 
uring aie i it usually became more active 
atter part of the day. 


DISCUSSION 


The 
res ; " a 
ults of this experiment testify to the 


Streng 
th eda: exploratory behavior in the 
Ve lest seg ey. During prolonged and repeti- 
‘tently nd the animals performed per- 
Cri no evidence of satiation. 
Most Stable on of responses appeared to be the 
"E remark, Measure of responsiveness, remain- 
days, Whil ably constant for each of the six 
"diviqua response frequency and duration of 
Obsery, Tesponses varied considerably. 
Stim ; AMORE] data suggest that auditory 
Dorai Pe important in eliciting visual ex- 
Anima] : responses. In many instances the 
loving Pushed open the door immediately fol- 
doj n sounds within the colony; the 
* the go uced by a monkey shaking its cage, 
‘losing "nd of the test-room door opening and 
“Voking The role of auditory stimulation in 
anno & visual exploratory behavior, however, 
The bs determined from this experiment. 
*iblora c &hificant intraday variation of visual 
t iui behavior is attributed to changes 
Centive conditions. This appears to be 
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a reasonable interpretation of these data since 
different visual incentive conditions can sig- 
nificantly influence the frequency of visual 


exploratory responses (2). 


CONCLUSIONS 


Six experimentally naive rhesus monkeys 
were tested 10 continuous hours a day for six 
consecutive days on a simple task to visual in- 
centives. The frequency and duration of re- 
sponses were controlled by the Ss and were 
recorded automatically. 

The results clearly demonstrated the ef- 
fectiveness of visual and auditory incentives in 
eliciting and maintaining visual exploratory 
behavior. An average of 40 per cent of the 
total testing time was spent in visual explora- 
tory behavior. The data suggested that the ani- 
mals worked to attain a relatively fixed amount 
of daily visual exploratory experience. 
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THE EFFECT OF FOOD DEPRIVATION 
IN A COMPLEX MAZE 


ARTHUR ADLE 


Brooklyn College 


The results of two recently 
periments have questioned the long-held as- 
sumption, indirectly Supported by many ac- 
tivity-wheel and activity-cage studies, that 
such primary drives as hunger and thirst in- 
crease exploratory behavior in the white 
rat. Montgomery (7), using a single-unit Y 
maze placed in a small, curtained enclosure 
found that deprived female rats actually ex- 
plore less than sated rats, Thompson (9), 
using a rectangular maze with a path across 
the center and also placed in a uniformly cur- 
tained enclosure, found few significant dif- 
ferences between hungry and sated groups al- 
though some sex differences were apparent. 

These results are at variance with the only 
other published Paper dealing with the rela- 
tion between food deprivation and maze ex- 
ploration. In 1925, Dashiell (2) reported the 
results of a class demonstration in which 
hungry and sated rats were placed in a Dashiell 
open-alley maze located in a laboratory room 
with students standing around tracing the 
rats’ movements on mimeographed copies of 
the maze. In the 60-sec. exploration period, 
17 hungry rats traversed, on the average, 


42.9 units 10 cm. long whereas the 17 controls 
traversed only 26.7 units. 


published ex- 


The chief difference between the Mont- 
gomery and Thompson and the Dashiell ex- 
periments lies in the far greater variety and 
complexity of environmental cues, both within- 
and extra-maze, provided in the latter study. 
The difference in findings Suggests that hunger 
lowers the reaction level to extensive and 
varied novel external stimuli but has little 
effect when the novel cues are few, 

The thesis thai hunger lowers the reaction 
threshold to novel stimuli is supported in a 
recent study by Campbell and Sheffield (1), 
who have shown thai the increased activity 
of hungry rats in act ivity-cage studies is prob- 
ably a function of the presence of extern 
stimulation and not 
states. When placed in 


al 
exclusively of internal 
a highly restricted en- 
vironment, their hungry and sated rats dif- 
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ON EXPLORATORY BEHAVIOR 


1 ne" 
fered little in activity, whereas Lp more 
stimuli were introduced, they were supp" 
active when hungry. The data clearly ems 
their conclusion that “hunger drive se athe 
involve lowered thresholds of response , i 
than internal stimulation to activity 
321). 

Indirect additional support . Mu 
may be found in a recent study by ? n 
(8). He measured the effect of coge aly 
of unrewarded responding in ui 
equipped with three different types a a chai 
landum: a short bar, a long bar, anc respon? 
The finding that hunger increased to the 
rate to the two latter types bif, lo. a ple 
former type Suggests that highly discr n atiné 
(novel?) external cues have a more sun crimi” 
efiect on hungry rats whereas less e rat 
able cues do not affect hungry and sa 
differently. zd woul 

On the basis of this hypothesis P sion 0 
follow that in a maze offering a uie and 
spatially separated new stimuli the sy be mof 
therefore more sensitive animal shoile is no" 
readily diverted from the stimulus there ot; 
exploring to a new one. It should reri f 
traverse more maze units in a given Bir ' n 
time than the sated rat, On the other vin z io 
a very simple homogeneous maze pps ort 
much stimulus generalization and t is Uu 
little novelty after the first minute Piverte 
hungry rat might not be more easily pa D 

The present experiment was — g 
test the effect of hunger on explora ont Du 
Uvity ina complex maze located in a ro rens 
viding varied extra-maze cues. For Te ir uw 
cited above it was z umed that, 45 wouk 
Dashiell demonstration, hungry © 
explore more than sated rats. 


; sis 
s thes” 
for thi irra 
yale 


ju 


15 


METHOD 
Subjects gti 


sof V uie 
"M" , s ats 0 r 
The Ss were 23 naive male albino Fa "mE 

tin. They were approximately 90 days 


ginning of the 


st 


E 


experiment 
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1 bparalus 


having an d Med of a multiple-alley maze 
don a table in regnat pattern. The maze was 
Ss living cage: the center of the room containing 
ture located "i Extra-maze cues included a light 
T, cabinets alas above the maze center, à window, 
me sat in eens wall, and the top tier of cages. 
C Ste the rats i omen of the room from which he 

p he maze ds all parts of the maze. 
* long, "The USOS FREE of small units each 4.5 
Was the 4 s queasuremens for exploratory 
m these unit ay 4.5-in. square bounded by a 
Gr ALPE was by means of a Kodak 
i: the path taken ance of the Ss was recorded by 
3 on mimeographed copies of the 


Th 

; The S; 
Lr 5 Were 

vi € house: 

A bused throughout the experiment in 


es each havi 
cach having 160 sq. in. of floor s$ 


he S; 

sf aE SS were divi 
ive Was Eos ided at random into two groups each 
en three 10-min. tests of exploration 
day ment, Group 
sted succe Iv under the moti- 
mone tiation, and satiation, 
Were satiati d. states ior Group SSH 
tiner ane m, satiation, and hunger. The 
procedure follows. 
er throughout the experiment. 


No 


Wate 
To was ey 
D, as ever placed in the maze. 
ys 
la 
36 landing d 
\daptati and taming, Free access to food. 
: or 3 à : 
Schedule ij: of Group HSS to maintenance 
of Rockla oup HSS on daily ration of 7 gm. 
1g pod, and rat diet. Group SSH free access 10 
b. 
art 4 
. 4. Daily " 
av Daily 10. min. test of exploratory ac- 


nsecuti ve 


s to food for all Ss to enable 


17 Group HSS s 
i wart B, ll agree on days 3 to 9. 
ü Activity, 1 aily 10-min, test of exploratory 
: aptari Both groups free access te food. 
à Schedule. Ga Group SSH to maintenance 
i ation, Gr oup SSH on daily Tgm. food 
Pay, ,,"'Oup HSS free access 10 food. 


exploratory 


Daily : D 
aily 10-min, test ol 
daily ration. 


" The soup es SSH on 7-2m. 

” Were aly cae access to food. 
exploraten faced at point X in the 
ofa ^ Passed ry behavior were recordet 
Ae the I was g point Y, The criterion for expl 
S fing dO min im head and shoulder entry: At the 
j y erg, a S was returned 10- it home 
afte Mary i al it happened to be 
ere fed their daily ration a 


re 
al fr 
from the maze. 


maze. 
| from 
jora 


in the maze- 
Naw t least !2 


to 
on 
nes 


"LT T 


x WENN SEEN NEN 


=: 
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Fic. 1. Maze pattern. 
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RESUI 


The Effect of Hunger on Exploration 


The mean number of units entered by each 
group on each of the nine test days and the 
means for Parts A, B, and C appear in Table 1. 
The data show clearly that. hunger increases 
the amount of exploration. In Part A Group 
HSS explored 77 per cent more units than 
Group SSH; in Part C Group SSH explored 
53 per cent more than Group HSS. These dif- 
ferences are significant well beyond the .01 
confidence level. 

Differences in favor of the hungry group 
which are significant at the .05 level or beyond 
were found on each of the individual test days 


ne] 
| 
Ñ 


TABLE 1 
Mean Number of Maze Units Explored on 
Each Test Day 


Group HSS| Group SsH| — , " 
Part A 
Day 1 238 189 1.57 
Day 2 234 111 3.80 -001 
Day 3 279 134 3.82 -001 
Mean 250 144 3.78 .01 
Part B 
Day 1 187 130 1.89 
Day 2 185 158 0.89 
Day 3 162 120 Lay 
Mean 178 136 1.52 
Part C 
Day 1 179 241 2.19 {05 
Day 2 158 229 2.44 | o5 
Day 3 136 252 3.68 .01 
Mean 157 240 2.96 -01 


of Parts A and C with the exception of the 
first day. On this day the sated group, SSH, 
explored far more than it did on any other of 


run sated. The number of 


fact that the maze was neces- 
€ first day may account 
te of exploration. Group 
; however, did not show a comparable 
activity during the three days of 
Part A. For this group decrease in novelty 
may have been counterbalanced by increased 
hunger drive as these rats lost approximately 
one-seventh of their original body weight dur- 
ing the seven days on which they were on re- 
duced rations, They may therefore have be- 
come, as Campbell and Sheffield have shown, 
More reactive to the stimulation Provided by 
this maze 

Reading down the second and third columns 
of Table 1 shows that each group of Ss was 
more active when hungry than when sated. 
For Group HSS the differences between Parts 
A and B and between Parts A and C are sig- 
nificant at the .04 level. For Group SSH the 
differences between Parts A and C and be- 
tween Parts B and C exceed the .01 confidence 
level. On the other hand exploratory ac tivity 
did not differ significantly in the two parts in 
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GROUP SSH --- 
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MEAN NUMBER OF UNITS EXPLORED 


60 


E 
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TWO -MINUTE PERIODS yin succ? 
rumen ec 
Fic. 2. Mean number of units explore 
2-min, intervals, 


je 
san! 
T ias the 7d 
Which the motivating state eS amu pa 
Le., Parts B and C for Group HSS 


A and C for Group SSH. 
Satialion Syndrome d 


1* 
„xplore. A 
As the Ss of Group HSS had exp! 


+ Pars, 
much more than those of Group SSH du i 
it was believed that they might "n ) 
dence of Finger's satiation qe d 
Part B and therefore explore less ss " d 
SSH. The data show no such vip coni t n 
tion. Although the differences be zart 


avs of PE joo 
groups on each of the three days. aiit p? 
show somewhat more activity for Gr 10 cot 
no difference approaches even the e Wie 
dence level. These data are in agree ove a 
findings by Montgomery (6, 7) that Sn m 
no day-to-day changes in exploration W ;s f 
internal Motivating conditions of the * 
not varied. 


ud 
Relation. Between A 


a 
ES „alion 
mount of FExploraltt 
Time in the Maze 


jecli 
a marked 0€ uc 
time Spent in the maze: 


On each test day there was 
in activity with 


EF 


mea; 
wereeding 2 of units explored during each 
each part vp m period on the three d 
ata peck d shown in Figure 2. Activi ; 
topped off s the first 2-min. period and 
Periods, The c a declining rate in succeeding 
are cement 5 for hungry and sated Ss 
Motivating € e, indicating that internal 
€ curve, WA does not affect the shape of 
Ne results of m ndmg is quite in accord with 
aze al dee revious published studies on 
ation (3, 5, 7, 9). 


Cons; 
Sislency of E f "T 
Days Y of Exploratory Behavior Within 


Cas 
Ss eios Tation indicated that hungry 
: * ide, à fairly consistent pace whereas 
tivity g r of sated Ss showed spurts o! 
“hich eed by rather long pauses during 
curreg, ya ching and napping frequently oc- 
Nalyseg his observation was supported by two 
Dumber of the data, First, a count of the 
file ha 2-min. periods during which a rat 
hr Ore Psa showed that such periods were 
5 of Gri Tequent among sated Ss. For all the 
art PS HSS there was 1 such period in 
pago in Part B, and 30 in Part C. The 
P and 7 pi values for Group SSH were 38, 
k (100 orton, the coefficient of variation, 
AL for es D/Mean) was computed for each 
Kor TM day from the five daily 2-min. 
ng , 206 mean V’s for Group HSS in 
ir pM and C were, respectively, 31, 60, 
ig Pa, or Group SSH, 83, 81, and 34. Dur- 
A, V was signi cantly larger for 
01) while during Part C 
4. M08) more variable 
lon : Both analyses support the observa- 
with a more 


This finding 


wth isten, hunger is associated 
hy 8 H Tate of exploration. 
ha ee with our initial assumption 
Hoy inger lowers the reaction threshold to 
the ioe If, compared with sated Ss, 
the Avior of deprived animals is more under 


ae Cont n e 

i Wid a of external stimuli and if these 

` ely 2 

ould m Separated. spatially, hungry rats 
he, Seep moving at a fairly steady rate. 


En 
be relic 
D 5 : 
his elati ns of sated rats on the other hand may 
q «vel : H 
i or: Vely more influenced by varying and 
ary internal conditions, and this could 
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account for their greater frequency of washing, 
napping, and spurts of exploratory activity. 


SUMMARY 


A comparison was made of the exploratory 
behavior of hungry and sated rats in a com- 
plex, asymmetrical maze situated in a room 
providing highly differentiated extra-maze 
cues. Twenty-three rats were Tun under al- 
ternating conditions of zero- and 23-hr food 
deprivation. The major findings were: 

1. Rats, when deprived, explore from 50 
per cent to 75 per cent more units than when 
sated. 

2. Previous motivating conditions and ex- 
ploratory rates have little if any effect on.cur- 
rent daily exploratory behavior. 

3. There is a decrement in exploratory rate 
with time of exposure to à maze during each 
daily test. This decrement is similar in hungry 
and sated groups. 

4. Deprived rats explore 
sistent rate than sated rats. 


at a more con- 
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THE RELATION BETWEEN FEAR 
AND EXPLORA 


K. C. MO 


Vale Universi ty 


The purpose of the present investigation is 
to determine whether novel stimulation evokes 
the fear drive as well as the exploratory drive. 
A growing body of evidence indicates that 
novel stimuli evoke the exploratory drive 
(e.g., 2, 3, 8, 10, 13). Qualitative Observation 
has Tepeatedly su gested to the author that 
Such stimuli may also evoke the fear drive, 
In the Psychological and zoological literature 
the’ same Suggestion has been made a number 
of times, and Scattered and unsystematic 


evidence Supporting it can be found (e.g., 4, 
5, 6, 12), 


Available evidence 
ploratory drive leads 
(1, 11) and that the fea 
ance behavior G, Tt), 
evokes both drives, 
proach-avoidance ¢ 
vestigating this pro 
Situation. in Which 
havior generated by 


gi 
5 


indicates that the ex- 
lo approach behavior 
r drive leads to avoid- 
If novel stimulation 
it should Benerate an ap. 
onflict, One Way of in. 
blem, then, is to devise a 
approach-avoidance be- 
novel stimulation can be 
measured. This is done in the first experiment 
reported below, 4 Second way is to vary the 
Strength of one drive while holding the Strength 
of the other relatively constant in a situation 
where either approach or avoidance behavior, 
or both, can be Measured. This is done in both 
experiments reported below, 


EXPERIMENT I 

This experime 

a simple, 
esis that 

fear drive 


nt is designed: (a) to test, in 
single-choice Situation, the hypoth- 
novel stimulation evokes both the 
and the exploratory drive, thus 


generating an @pproach-avoidance conflict; 
and (b) to determine the effects on approach- 


avoidance behavior of v 
of the fear drive evoke 


Method 


Subjects. The Ss were 
Wistar strain, Te 


arying the strength 
d by novel stimulation, 


30 female albino rats of the 
n animals were about 150 days old; 


! Data on two of the 
in the present experimen 
Segall 


ten experimental groups p 
15 were collected by Marsha 


2. 
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NTGOMERY 


m. 
d five! 


3 I and f. 
five were assigned at random to Kon ae of ages ii 
Group II. Twenty rats were 80 to 90 days /, Gr? 


Were assigned 


E ;roup 449 a 
at random to Group III, Group ; 
V, and 


7 ; T to IV. 
toup VI. The animals in Bises. b" 
tamed prior to the experiment; those Pd and W? 
VI were not, All rats had free ace to ns. 
at all times including the c. »erimental. ve living ca f 
Apparatus, This consisted of (a) dud construe 
each 16 in, long, 12 in. wide, and 10 in. hig d wal wi 
from hardware cloth and a sheet mei tine-tyPe dv 
taining in its center sheet-metal, guil d straight “a 
+ in. wide and 4+in. high, (b) an aore a ^ 
6 ft. long and 4 in. wide, and (€) an pe: wel à 
alley 6 fi, long and 4 in. wide, The maz o 


ac 


> floor wt 
2 ^ shite pine; the Hoof © yt 
Structed from unpainted white w^ " enclosed ud 
Was covered with hardware cloth. dui of api? p 
had a hinged hardware-cloth top. All MR enc joo 
were elevated 30 in, from the sa cent L0 5 root 
Could be placed immediately neha ring, UP din 

h living cage, For purposes of aed off in^ 
of cach maze and living cage was ma n 
Sections, » experime? ach 

Procedure, Over the four days of the e 


ay 
s, On GH ve 
procedure was the same for all groups and g" 


s d chi 

Tat was placed in one of the living d xtingt pe 
24-hr. period of adaptation to the cage roperticS i ol 
fear and exploratory-drive evoking ee perio 
liminary rescarch indicated that oe conl. ap 
adaptation were not ne sary. Bach: cn anc 
food and water at all times, On days 2, 3. 
animal was given one trial which cor access (00 
the home-cage door and allowing it free a pin. EHS 
the enclosed or the elevated maze for 1C the ene! 
in Groups T, IH, and V were exposed sd the el ev 
maze; those in Groups IT, [ sand VI. bim orde 
maze. One group was run at a time, n al 
dicated by the group numbers, No mim 
after being placed in its living cage on ler Ei 
three trials were completed. During the "m (he a 
ulated the living-cage doors and gbsees ad the 
from an elevated position about 6 ft. behii 
cages. r 

"or cach animal the total number or iod 
sections traversed during cach zemin. RE ori 
posure to a maze was recorded, rhol sugg 
of the behavior of the rats in Groups I and sordel o 
two additional measures which were ii from he 
Groups HI to VI: (a) the number of retreats h 
front to the rear half of t 


vl 
a 
in 


ay m 


gn. 


number of times cach 
open cage door 


na 
git 


md ar i" 

excluding its tail, into used he 

"length Criterion v j p 
front and rear hå 2 


” or 
Y" from the cage di 
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t3 
on 
On 


TABLE 1 


E Summary of the Results of F 


leasure Statistic 
Lm 
Nu E 
mber 
of 84 "i — 
taversed in. Maze Sections Mean 
E 
— Range 
ume, x 
r 
of Retreats to Cage Rear Mean 
Ss 
ND E Range 
Amher of ar. 
C Of onks 
age Door oks Away" from Mean 
s 
~ Range 


he 
"eai Symbols, T 
ivel s, T pp " 
Vely; UT, En, and El denote tamed groups 


, untamed 2 


speriment I* 
— * 


Group 

Il I IV v VI 
T-El T-En T-E UT-En | UT-El 
15.8 561.4 401.0 56.4 
25.6 109.8 147.0 68.1 
0-61 412-672 7-S4 234-633 2-107 
9.8 15.0 12.8 39.2 

0.8 2.0 4.2 1:5 

9-11 13-17 8-18 29-49 

11.4 29.6 31.4 15.4 

4.2 12.2 15.1 10.9 

6-16 13-42 19-56 60-89 


roups, enclosed-alley groups, and elevated-alley groups re- 


? represe Toi 
ents the best. estimate of the standard. deviation. 


DAT. 

ead ,, ^^ & Nonex: t P [ 

a 'Ceptor Mexposure, following an exposure, o! the 
S to the open cage door when an animal 


duy; ro] op 
ans le servations, taken on some of the groups 

5t all animar preceding each trial. revealed that 
ene als were inactive before the cage door 
line of intra-cage 
away from the 


I 
ene er words, the bi 
vec Ig "looks" toward and 
ery low, 


ty, toy 
Li lp d iati t 
nge UP the mean, standard deviation, and 


>. Or eac 
"a Ug ach of the three measures. 
; rsed. These data 


ty ans 
Doseg ts and ranges reveal that the groups 
» V) 9 the enclosed maze (Groups T. IU, 

nount ol ex- 


ti Hbited a far greater an 
ij Seq" | behavior in the maze than those 
ND ert the elevated alley. Because there 
M *rlap in the distributions for the en- 
s of signifi- 
lay analysis 


y ens elevated groups, test 
tlqg L; unnecessary. A day-by-d 
of Mae results. iiis 
e e shows the relation between i 
ra cx oi behavior in the maze and time 
m fine for all enclosed and for all ele- 
a Phs " PS on each of the three days. These 
hos UH the marked difference in amount 
Á that occurred in the two 


amount 


behavior 


sets of groups. In addition, two aspects of these 
curves deserve mention. First, on each of the 
three trials the shape of the curve for the 
elevated groups is essentially the same, show- 
ing a gradual increase in amount of explora- 
tory behavior in the maze over the 10-min. 
exposure period. The results of a / test be- 
tween the means for the first and last: 2-min. 
periods for all days combined indicate that the 
The value of / is 2.94, which is 
ond the .02 level for 14 df. 
ape of the curve for the en- 
markedly over the three 
t of maze behavior is 


rise is real. 
significant. bey 
Second, the sh 
closed groups changes 
trials. On day 1, amoun 
low initially, increases rapidly to a peak, then 
decreases. On day 2, it is higher initially than 
on day 1 and decreases gradually over the ex- 
e period. On day 3, it begins at an even 
then. decreases according to the 
negatively a ted function characteristic 
of exploratory behavior (e.g., 9, 10). Statistical 
es bear out the above statements. The 
from the first to the third point on the 
graph for day 1 is significant at about the (02 
level (/ of 2.51; M df). Mean amount of ac- 
tivity during the first 2-min. period is signifi- 
cantly greater on both day 2 and day 3 than 
on day 1 beyond the .01 level; the respective 
values of l 3.67 and 3.11. And, the de- 
crease from the first to the fifth point on the 
graph for day 3 is significant beyond the .001 
level (/ of 4.155 14 d. 

Number of retreals lo the rear half of the cage. 


posure 
higher level, 
ccelera 


analys 
increase 


are 
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Fic. 1. Mean number of 8-in. maze secti 
for the three enclosed groups and for the t 


These data are summarized in 
third of Table 1, As st 
Groups III and IV 


the middle 
ated earlier, the rats in 
Were tamed prior to the 
experiment whereas those in Groups V and VI 
were not. Inspection of the table reveals that 
less avoidance behavior occurred (a) in the 
enclosed than in the elevated groups, and (b) 
in the tamed groups than in the untamed 
groups. With respect to result a: There is no 
overlap between the distributions for 
tamed groups (ITI and IX 
groups (V and VI), 
number of retreats is much 


sult 5: The distributions for the 
elevated groups (IV and VI) do not overlap. 
However, those for the enclosed groups do 
overlap, and Statistical analysis indicates no 
difference between the means for Groups III 
and V. Thus, the taming procedure resulted 
in a decrease in amount of avoidance behavior 


for the elevated Broups but not for the en- 
closed groups. 


Viember of “looks away” from the cage door. 


PERO GF TWO KINUIES 


a Ci 
i f time, The data are 
ons traversed on each day as a function of time. The d. 

hree elevated groups. 


ed 
ombi"? 


These data are summarized in the pio eat! 
of Table 1. They show that the ee 0 P 
enclosed group is much less than t p" ribi" 
Corresponding elevated group. air do. 
tions of Groups V and VI do not oven ove al 4 
ever, those of Groups III and IV do home, 
in addition, their variances are dae n 
neous. Accordingly, the individual "king ne 
these groups were transformed by at $ y 
common logarithm of each. The one A 
the converted scores are ye AF sco 
test performed on the UDIN e 
yielded a value of 3.01, which is ig "d 
beyond the .02 level for 8 df. Thus, sma! 


senica ye 
closed group shows a significant) a -or 
i i an It 
amount of avoidance behavior tha ar 
sponding elevated group. 4 


s Ol e 
Y A " anges 9. yh 
Comparison of the means and rang 


. i re: 
clearly that the taming procedure 1 from i? 
EN 5i 
r 3 in distr! 
cage door. There is no overlap in d 


in either of these two comparisons. 
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Disscussion 


Th 
a) Pii eid be summarized as follows: 
exhibited E: : T to the enclosed maze 
tory behavior uch greater amount of explora- 
lo the ean M maze than those exposed 
(b) The aed ey. The ratio is about 12 to 1. 
increasing enit -maze rats showed a gradually 
min. trial i of maze behavior over each 
Is exhibited MOENGA the enclosed-maze ani- 
crease on d; an initial increase followed by a 
Negatively reste which changed to a regular, 
aze exploratie erated decrease in amount of 
aze rats sho we on day 3. (c) The elevated- 
Voidance E a much greater amount of 
i. Number Ae of the maze, as measured 
png cage 3 retreats to the rear half of the 
tom 4 E and by number of “looks away" 
"M huis pen cage door, than the enclosed- 
ne fi + 
of p, ings bear directly upon the question 
À € as P aa stimulation evokes the fear 
hag that one exploratory drive. First, it 
m TS were ib p) and avoidance be- 
qutt iment wheth jited by the animals in this 
m or an elev her they were exposed to an en- 
m Ports the hy ated maze. Phis result strongly 
tory voke he aaa that novel stimulation 
&y, drive. Sent drive as well as the explora- 
a Sed lo th ond, itisevident that theanimals 
e ance beh, elevated maze exhibited more 
i Osee alle Havin than those exposed to the 
8i Y. The interpretation of this find- 


a 


s 

Sty that ole 

hae Sth of Seated alleys arouse a. greater 
irq ear in rats than do enclosed alleys. 


uH, tbe e 
us Syd DIRE that the animals exposed to 
S iam exhibited a greater number 
pe Pe cage rear and looks away from 
Were g ha indicate clearly that the 
tol djected to a greater strength of 

itg, 8° ne conflict than the latter- 
hehe idie ore the measures employed are 
AVior od of both approach and avoidance 
m Cage e à rat had to enter the front half 
"lai ‘hese e it could retreat to the rear 
We dri. SAU can be explained in terms of 
tase , "6 Strength: amount of conflict will 
lrive in- 


of the 


ely con- 


" the increase in amount of ex- 


ou 
lon. rth 
the enclosed 


ehayi x 
Navior exhibited by 


animals on trial 1 and by the elevated animals 
on each of the three trials strongly suggests 
that the strength of the fear drive decreases 
with time of exposure to novel stimulation. 
And fifth, the results for the elevated groups 
suggest that "spontaneous recovery" of fear 
occurs when novel stimulation is re-presented 
after a period of nonexposure. These animals 
showed a gradual rise in amount of exploratory 
behavior in the maze on any one trial followed 
by a drop to near zero at the beginning of the 
next trial. These systematic changes indicate 
that fear gradually decreased during each ex- 
ploratory period but recurred in full strength on 
the next trial. 

The increase over tria 
maze exploration exhibited by 
but not the elevated groups during the first 2 
and the very gradual in- 
crease in amount of maze activity shown by the 
elevated groups on each trial suggest an im- 
generalization: The decrease in 
strength of fear evoked by novel stimuli is 
proportional to the amount of direct contact 
with such stimuli. Thus, in the enclosed groups, 
the strength. of initial fear was small enough 
o begin active exploration 
io extinguish the fear it 
the third trial these 
the maze as soon as 


ls in the amount of 
the enclosed 


min. of each trial, 


portant 


to permit the rats t 
of the alley, hence, 
evoked initially. And, by 
animals began to explore 
the home-cage door was opened. On the other 
hand, in the elevated groups the strength of 
jnitial fear was great enough to prevent ex- 
tensive exploratory behavior with its con- 
sequent fear extinction. Hence, these animals, 
although exhibiting a very gradual increase in 
amount of maze activity on each trial, were 
unable to explore the alley actively, partly be- 
of the spontaneous recovery of fear at 


cause ¢ 
ach trial. 


the beginning of € 
EXPERIMENT I 


This experiment is designed to determine 
ects upon the orderliness of exploratory 
a symmetrical Y maze, of varying 
Jevated arms from zero to three, 
being enclosed. Its primary 
a three-choice situation 


the eff 
behavior in 
the number of ele 


the other arms 
e is to test 1n 


purpos A : 
the hypothesis that novel stimulation evokes 
both ‘the fear and the exploratory drive by 

ar. If, as the results 


varying the strength of fe 


tw 
p 
oo 
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TABLE 2 
Summary of Order Analyses for Experiment II* = 
Group I Group IT Group III mug n 

(En-En-En) (En-En-El) ( En-E-EI) (ELELE pe 
Mean Per Cent Choice of Three Successive Unlike Arms — 
69.0 38.3 31.3 68.3. ^. 
Mean Per Cent Choice of the Same Arm Twice in Succession — 

8.5 30.8 4.9 

Mean Per Cent Choice of Each Arm 
A-En B-En C A-En B-En C-El A-En B-El C-E AFI BEI 
3.8 314. 32.8 — 386 30.0 21.4 52.6 23.9 23.5 31.4 37.2 


` En denotes an enclosed maze arm, El, an elevated arm. 
of the preceding experiment suggest, 
elevated maze alleys evoke 
enclosed alleys but 
of the exploratory 


novel 
more fear than 
about the same Strength 
drive, then the normal pat- 
tern of alternation among the three arms of a 
Y maze should be disrupted in those groups 
run in mazes comprising both elevated and 
enclosed arms: the animals should tend to avoid 


the elevated alleys and explore the enclosed 
alleys. 


Method 


Subjects. The Ss were 24 female albino rats of the 
Wistar strain. The animals were 80 to 90 days old and 
experimentally naive. Prior to and during the experi- 
ment all rats had free access to both food and water 
except during the brief experimental sessions, 

"Apparatus. This consisted of t symmetrical Y maze 
constructed from unpainted ply 
he converted into eithe 
alley. The alleys were 24 in. long and 4 in, 
their floors were covered with in. hardware cloth, 
Enclosed arms were tin. high and covered with hinged 
hardware-cloth tops. The maze was elevated 30 in. 
from the floor and placed in the center of an Sit. 
Square enclosure formed by black curtains. IHlumination 
was provided by a shaded 25 w. bulb suspended 3 it. 
above the choice point. The observed the animals in 
the maze from behind the curtains. 

Procedure. After thorough i 


rood. Each arm could 
r an enclosed or an elevated 


vide, and 


aming, six rats were 
assigned at random to each of four groups, For Group 


I the Y maze was composed of three enclosed arms; 
for Group H, of two enclosed and one elevated arm; 
tor Group IE, of one enclosed and two e ed arms; 
and for Group IV, of three elevated arms. Each animal 
was given one trial at the same time on each of three 
ve days. X trial consisted of (a) placing a rat in 
the Y maze at the choice point, (i allowing it to explore 


successi 


ving 
evel 


Jj rent 
the maze fre ly for a period of 10 min., and (c) se e 
it from the maze, Neither food nor valee ode 
Present in the maze, On each trial a record rion $ 
the sequence of maze arms entered, The SE uc 
an arm entry was a full body-length entry, €X 
the rat’s tail, from the choice point of the Y- 


Jing 


Results 


. rator? 
Three indices of orderliness of explori ot 
behavior were computed for each anin riad? 
each 10-min. trial: (a) The number ot ive 
consisting of entries into three -— 
unlike maze arms, e.g., BAC, was con te 
intoa percentage score based upon Wm p 
possible number of such triads, (5) push he 
ber of diads consisting of re-entry fro! wi 
choice point of a maze arm just explore nel 
out entry into another arm, was cony 10. 
into a percentage score based upon M 
possible number of such diads. (c) The n serte 
of entries into each maze arm was p rol 
into a percentage score based upon pr ev 
number of arm entries, yielding a mess de 
maze-arm preference, No significant € rre 
in these three indices of orderliness me al 
over the three trials. Hence, the data ^ amr 
three days are combined. The results ate À 
marized in Table 2, 
The upper third of Table 2 


"m 
tit 


ta 


oat 
me 
shows the Like 


aa Uis 

F scessive U. gi 

percentage choice of three Rue ta ind" 
S These datë i 

maze arms on all three trials. These fer E 
cate that Groups I and IV do not di ih 


m x tha! ur 
Groups IT and III do not differ, but small" 
latter pair of groups exhibits much * 


FEAR INDUCED BY NOVEL ST 
R INDUCED BY NOVEL STIMULATION AND EXPLORATORY BEHAVIOR 


perce 
statements: imer analysis bear out these 
on these dm anal s of variance performed 
value significa mw an F ratio of 27.82, a 
ad 20 af, e at beyond the .001 level for 3 
Means for nini of ¢ tests reveal that the 
* means for a I and IV do not differ, that 
an UM ua iroups II and III do not differ, 
is tignificanthy In for each of the latter groups 
€ former S ess than the mean for each of 
he middle jw al beyond the .001 level 
Percentage i third of Table 2 shows the mean 
M Successic choice of the same maze arm twice 
Indicate he from the choice point. These data 
Tepea t» ‘ee Group III exhibited much more 
Soup. St »ehavior than any of the other 
S tement atistical analysis substantiates this 
Percentage An analysis of variance of these 
Value Signi Scores yields an F ratio of 14.58, a 
ad 99 Meant at beyond the .001 level for 3 
series of / tests shows that the 


Mea 

an 

t or G athe 

an the sroup III is significantly greater 
the Mean for any " 

x r any other group at beyond 


dife Evel } 

fos eir d but that no other pair of means 

Th, » niic: i 

q lox intly. 

üt; Ver third af T " 

in een of Table 2 summarizes the 
;Peeti ned with maze-arm preferences. 


tha , 

ie oe Land IV distributed their 

c rats | among the three arms, (6) 

the € arm a in Group II entered each en- 

Gia” Vatec ee twice as often as 

Mons I eme and (c) that the animals in 
ered the enclosed arm much 


s out these state- 


Sie 
‘Cane No sig of / tests bez 
ly entri gnificant difference in percentage 
im, e h iroup 
n : ii losed 
hte, Signifie s 
| 9-0 antly greater than percentage 
he elas 
n e elevated arm at bevond the 02 
To n at be) 
up IL And for Group HT per 


) 

Of entries ; p 
Pe ice tries into the enclosed arm from 
in than 


ay “tg 
‘Ms Mage 
x “ated 


curs in Group I or in € 
€ of entries into each enc 


fe Nt is significantly greater 
iliy j y j 
D: bes. try into either of the elev 
Se, Yond the 4 

Us; ne 01 level 
^, ion $ 
ay be summarized as follows: 
exposed to mazes compr 


or three elevated arms aver 
aong the 


ising 


Nhe, de 

a e anime 

"e Nelog als 
d, Osed 


3U sa. s 
per cent alternation an 


alley 
leys, whereas those exposed to 
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mazes containing one or two elevated arms 
showed a highly significant decrement in this 
measure of orderliness, averaging about 35 
per cent. (b) The rats exposed to the maze con- 
taining one enclosed and two elevated arms 
showed a much greater tendency to re-enter an 
arm just explored than those in the other 
groups. In all cases, this was the enclosed arm. 
(c) The animals exposed to mazes comprising 
three enclosed or three elevated alleys a 
hibited no arm preferences. However, those 
exposed to mazes containing one or two ele- 
vated arms showed marked preferences for the 
enclosed alleys. 

Previous studies by the senior author (e.g., 
9, 10, 11) have shown that when rats are per- 
mitted to explore Y mazes comprising either 
all-enclosed or all-elevated arms, their per- 
centage choice of three successive unlike arms 
approximates 67. The data of Groups I and IV 
are in close agreement with this value. The 
results of these earlier studies also show that 
the average percentage of arm repeats, i.e. 
arm just explored from the 


re-entries from the 
“he corre- 


choice point, approximates five. I 
sponding values for Groups I, H, and IV are 
very close to this value. Finally, these earlier 
experiments yield little or no evidence for 
maze-arm preferences. In the present study, the 
animals in Groups I and IV showed no arm 
preferences, but those in Groups H and HI 
exhibited preferences for the enclosed arms. 
Thus, the behavior of Groups II and III of the 
present experiment differs markedly in its 
orderliness characteristics from that of Groups 
I and IV and of animals studied in previous 


experiments. 
The simplest 
orderliness of ma 


explanation for this change in 
ze behavior is sug 
the results of the preceding experiment: Novel 
on evokes both the fear anc the ex- 
The former leads to avoidance 
MU approach (exp oratory) 
Both the elevated and the enclosed 
the exploratory drive, but the 
strength of the fear 


gested by 


stimulati 
iory drive. 
vior; the latter 


plor: 
beha 
behavior. 
arms evoke 
former evokes à greater 
drive than the former. Hence, the animals in 
Groups H and MI tended to avoid the ele- 
vated arms and to explore the enclosed arms. 


SUMMARY 
experiments were performed to de- 
1 stimulation evokes both 


Two 
yer nove 


termine whetl 
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the fear drive and the exploratory drive. In 
the first experiment 30 rats were given three 
trials consisting of opening a home-cage door 
and allowing an animal free access to a maze 
alley for 10 min.; 15 animals were exposed to 
an enclosed alley and 15 to an elevated alley. 
Measures were taken of amount of maze ex- 
ploration and of approach-avoidance behavior 
to the entrance of the maze. In the second 
experiment, 24 rats divided into four groups of 
6 each were given three 10-min. trials in a 
symmetrical Y-maze each arm of which could 
be made into either an enclosed or an elevated 
alley. The number of elevated arms was varied 
from zero to three over the groups. Measures 
were taken of the ord 


erliness of exploratory 
behavior. 


Four major conclusions are drawn from the 
results of the two experiments: (a) Novel 
stimulation may evoke b 
drive and the fear drive, thus generating ap- 
proach-avoidance conflict. behavior, (b) Ele- 
vated maze alleys evoke a greater strength of 
fear, hence more avoidance behavior, than en- 
closed alleys. (c) The Strength of the fear drive 
evoked by novel stimulation decreases with 
time of direct exposure to that stimulation, 
(d) After a period of nonexposure, re-presenta- 
tion of novel stimulation results in 
taneous recovery of fear, 
which depends upon the 
tinguished to 
occasions, 


oth the exploratory 


spon- 
the magnitude of 
amount of fear ex- 


that stimulation On previous 
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The conc s 
"tap ao ot reinforcement holds a key 
€ behavior dc in several major theories 
judged to E etus reinforcement is 
Occurs as a ave occurred if (a) the reinforcer 
tiguity aoe of, or in close temporal con- 
currence pa Ne cs of an organism, (b) the 

ance stren : reinforcer increases the per- 

ence of "s i of the response, and (c) oc- 
On the: basis einforcer leads to learning. 
asses of events oF these criteria, the major 

be reinforcers: hich have been demonstrated 
Stance which BYES (a) the presentation of a 
Organism i can reduce an existing need of 
val of am , ood, water, etc.), (b) the re- 
Cctric sho aed stimulus (bright light, 
Mulus iid etc.), (c) the presentation of a 
i tondita d had prior association with 
q ulus whi ; in a, and (d) the removal of a 
1 cong iti jen has had prior association with 
; Thess ons ib. 
inten © 
peated 


Curr, 


R E c—5- 
Ej BPpEsg 


£g 


Cla d c Cm 
asses of reinforcers have been 


e d Hull (4), in his postulates of 
hig cept of ondary reinforcement, under 
hu. Conceptio need reduction. According to 
been either a to be a reinforcer an event 
oj a evjo: educe an existing need or have 
Pid ex bon a with the reduction 

n io clasg need. 
nrun enis that appears neither to be 
anq p eduction E. previously associated with 
ag mi Voss, (ak ee investigated by K sh 
brog, Switch E They found that such stimuli 
py, iC d by a x icks, relay noises, and stimuli 
Conga ret is b mowing platform exerted what 
fing; neq bes reinforcing effects on the un- 
bere 38 Li behavior of mice. These 
Lm Ptible a, sted the following hypothes A 
ed ‘h is un- 
and 


Ea 


dle z 
env ; 
^ ia ironmental change, whic 

Such need states as hunger 
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thirst, will reinforce any response that it 
follows. 

The present experiment was designed to pro- 
videa direct test of this hypothesis in the light 
of the criteria for reinforcement presented 
above. Utilizing the onset of dim illumination 
as the stimulus to be tested for reinforcing 
properties, the several possible effects measured 
were: (a) the effect of the introduction of the 
stimulus as a consequence of a bar-touch 
response upon the rate of emission of that 
response, (b) the establishment or nonestablish- 
ment by such stimulation of learning struc- 
tures, as evidenced by a significant amount of 
extinction-responding, and (c) the effect upon 
of the presentation of this 


the response rate 
1 with the behavior of the 


stimulus uncorrelatec 
subjects. 


METHOD 


Apparatus 

A modified Skinner box was t 
compartment 
inside dimensions. a wire-mesh 
len cover which contained 
The Ss were placed in 
ir walls 


ised. It consisted of a 
cubic experimental of l4-in. plywood 
with 6- by 6- by 6-in. 
floor, and a removable wooc 
a 6- by 6-in. Plexiglas window. 
the compartment by removing this cover. The fou 
of the compartment were painted with gray enamel, 
A nonmovable U-shaped bar of ! sin. brazing brass 
protruded into the experimental compartment ]!5 in. 
above the floor and 34 in. from the wall. This bar was 
ated from the wall of the bos by Py in. of solid 
acts with this bar were recorded by means 
Recording was ac- 


act relay (6). 
| bar which offered a minimum 
other than tactual, to the 


insul. 
rubber. Cont 
of an electronic cont 
hed with a rigic 
ble stimulation, 
ecording proces 
ntal compartmen 


complis! 
of percepti 
Ss during the v 

This experimer 


t was placed within 
box, the inside dimensions of which 
by 14 by 14, made of !4-n. plywood 
kwool insulation. Ventilation of this 
ntal compartment. was achieved. by 
partments with a Cenco 


a sound-re isting 
were in inches 14 
with 4 in. of Roc 
and the experime 
drawing air through these com 
water aspirator. 

Three identical apparat 
nd the Ss were rotated am 
days to counterbalance 


us units were operated 
ong these 


simultancou 
on successi 
possible apparatus 
Recording equ 
115 VAC 60 cycle counters. 
The light stimulus was pro 


ex] yerimental 
differences. 
pment consisted. of 


three Mercury 


vided by a frosted 7127. 
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GE bulb operating at 115 VAC. This bulb was placed 
in a wooden lampshade 6 by 6 by 5 in. which fitted 
in the cover of the experimental compartment. The in- 
tensity of the light was reduced by filtering it through 
three sheets of white mimeograph paper. The light 
circuit was operated through the relay of the electronic 
circuit. Each closure of the relay activated the light 
and recorder circuits simultaneously. Both light and 
recorder circuits were so designed that they remained 
closed as long as contact with the bar was maintained. 
No other source of illumination was provided. The 
animals were in total darkness at all times except when 
the light stimulus was presented. The light stimulus 
could also be presented for l> sec. at a number of dif- 
ferent time intervals by means of a timing device which 
was incorporated into the circuit. 


Subjects 


The Ss were 16 experimentally naive female CS7 
Black Subline 10 mice approximately 56 days of age 
at the beginning of experimentation, 

The mice were individually housed in the standard 
wooden boxes in use at the Jackson Laboratory and had 
free access to food and water at all times except during 
the 25-min. testing period. The laboratory was lighted 
from 9 ax. to 5 Pa. During this period, once 
week, the food hoppers and w 
This was done while food and 
the previous filling. 


each 
ater bottles were refilled, 
water still remained from 


Procedure 


Phase 1—habituation, Since 
seemed to indicate that the effects of introduction of 
the stimulus were enhanced by an habituation period, 
days 1 through 7 were devoted to an operant level de- 
termination and habituation to the experimental com- 
partment. All 16 Ss were run for 25 min, per day in 
total darkness, Touches upon the bar were recorded 
but did not result in the onset of illumination, The 
animals were then divided into two groups of eight 
mice each, the groups equated on the basis of mean total 
numbers of responses emitted during d 5 

Phase 2—conditioning. On day 8, the 
perimental group (stimulus group) rec 
of illumination as the consequence of 
The Ss of the control grou 
tinued as in phase 1, 

Phase 3 extinction, On days 9 through 12, all Ss 
Were tested under the conditions of phase 1, 

Phase 4— uncorrelated stimulation, On day 13, the 
Control group received 150 !$-sec. presentations of 
light at 10 Sec. intervals. The light flash: 
correlated with the behavior of the Ss 
mental group continued as in pha 

Total number of ba 
experimental period w 


preliminary experiments 


6, and 7. 
S of the ex- 
ed the onset 
h bar contact, 
P (nonstimulus group) con- 


were not 


» The experi- 
s land 3, 

ar contacts during each 25-min 
as recorded for each 5. 


RESULTS 
The results are presented 


graphically in 
Figure 1. The graph shows the 


mean numbers 
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" nd 
of bar touches emitted by the eee 
nonstimulus groups during each of av ini 
perimental sessions. It is apparent po aa 
groups were well matched since the seven 
means differed but slightly during the 
days of the habituation period. onses 

On day 8, the mean number of resp than 
emitted by the stimulus group is e The 
twice that emitted by this group p a doe aa 
resulting difference between the Tam 
nonstimulus groups on day 8 is ed | test 
beyond the .005 level for a ponent ca. 
(| = 4.14, df = 8). An F test for homog day 8 
of variance between the two groups on ignift 
showed that the stimulus group was roa 
cantly more variable than the EM this 
group (F = 19, df = 7, 7, p < 01). oximatt 
reason the / test used above is an appt tion 
test indicated for use when the p 
homogeneity of variance cannot be 
p. 105). . dà 

During the four extinction days, si 
number of responses emitted by the the no” 
sroup remained greater than that of ean " 
stimulus group, but the difference Loin )n 
two groups decreased over the four © tat the 
day 9 the difference was still significan! 1 he 
005 level (! = 3.06, df = 14). On day 7 gg, 
difference was not significant (/ ie an in 
df = 14, p = 10). On day 11, due simul? 
crease in the responses emitted by the § jane’ 
group, the difference 


mea? 


mulu? 


approached signi ge on 
(1 = 2.11, df = 14, p > .05). The diker stati 
day 12 was extremely small and um jë ww? 
tically significant. The variance of throws" 
groups was found to be homogeneous 
out the extinction period. respon? 
On day 13 the mean number of r reas 
emitted by the nonstimulus group mama 
slightly over day 12. This increase Pul flash 
is due to the presentation of 150 lg avit ^ 
Which were uncorrelated with the be i ri gul! 
the Ss. This increase from day 12 yl pcan 
in a / value of .80 which is not SE " 
Analysis of the data of individual a^ it Á 
group on day 13 revealed that this e z con 
mean number of responses wa pane ap n? 
tributed by three animals whose initial ves n 
rates were high. With Ss having high E an 
rates, chance correlations of respon? 
light flashes become more probable. 
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150} 


MEAN NUMBER 
OF BAR T 
z 8 3 SE eees 
TT 5 e. ee 
EIC E 


E 
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CONDITIONING EXTINCTION 
| | | 
10 B k 13 


30]. 
HABITUATION 
1 
F 


oy the a, DISCUSSION 
Y di pw clearly demonstrate that the onset 
Umination occurring as the conse- 

5 Which eevee leads to behavioral 
a for ihe E to those noted as the 
tof ill occurrence of reinforcement. 
ect Shawnee ot when presented as 
oe Produce | quence of a bar-touching re- 
i» i [M bi a marked and significant in- 
tye ican, ar-touching rate. Furthermore. 
sponding 


Onse 


amount of extinction-re 


0 
le no Pott the hypothesis that à per- 
gill sei o aureta) change, which is un- 
Seven it Orce need states as hunger and thirst, 
CN Probleme. response which it follows. 
"n Ent or ns, however, are raised by the 
! the hypothesis in such a general 


DW No 
e Tesis; 
Plac ?Strictions -ecibilits 
Ced a as, other than perceptibrttys 
Pon the modality which the en- 


6 T 8 
EXPERIMENTAL 


g 
SESSIONS 


and nonstimulus groups plotted as a function 


ange must stimulate in order to 


cing manner. Thus, light 
onset is assumed to be representative of stimu- 
lation in other sense modalities. Some evidence 
can be marshalled in favor of this assumption 
from published experiments which utilize 
stimuli in various sense modalities and which 
report results similar to those reported here. 
Sharpe (7), using the sound of a chime as the 
reinforcer, reported significant increments in 
the chain-pulling rate of preschool children. In 
a situation similar to that of the present experi- 
Girdner (2) reported increases in the 
ng rate by rats when each response 
] by either the appearance ofa 
above the animal or the onset 


vironmental ch 
function in a reinfor 


ment, 
bar-touchir 
was reinforcec 
dim spot of light 


of a buzzer noise. 
2. Phase 4 of the present experiment was 


a test of an alternative to the con- 


included as 

ditioning-reinforcemen! interpretation. Ač- 

cording to this alternative interpretation, the 
result 


increase in bar-touching rate was not the 
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of a direct reinforcement of that response, but 
the reflection of an increase in general activity 
resulting from stimulation by the repeated 
onset of light. This hypothesis was tested by 
presenting the onset of light uncorrelated with 
any specific response of the S and measuring 
the specific response of bar-touching. Since the 
effect of this procedure was not significant, the 
activity-increase interpretation does not appear 
to account for the present findings. 

3. The hypothesis does not specify whether 
the process involved here is one of primary or 
secondary reinforcement. Several consider- 
ations, however, would appear to indicate that 
this process is not one of secondary reinforce- 
ment. The Ss were given no training associating 
the onset of light with primary reinforcement. 
Organic drives were kept at minimal strength 
by allowing the Ss free access to food and 
water at all times except for the 25-min. ex- 
perimental period. Furthermore, the nocturnal 
habits of the mouse would make the associ- 
ation of primary reinforcement and light less 
probable than such an association with dark- 
ness. 

Apparently, the process involved in this ex- 
periment is that of primary reinforcement. The 
term, in this case, is used in its broadest sense 
as referring to a process for the operation of 
which a minimum of previous learning is 
necessary. The term is not used here to denote 
the process defined by Hull (4) as involving the 
reduction of a need. Such usage with reference 
to the present phenomenon appears to be de- 
cidedly premature. In the 
least, there is no evidence for any drive or need 
that could be reduced by the onset of light. 

Such a drive, however, has been postulated. 
Harlow (3) has integrated the results of a 
number of studies, similar to the present one, 
under the concept of exploratory drive. It is 
conceivable that the onset of light in 
present experiment was 
with respect 


Present study, at 


the 
acting as a reinforcer 
i to an exploratory or curiosity 
motive. Behavioral data of the type presented 
here, however, do not constitute sufficient evi- 
dence for a demonstration of the operation of a 
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drive. Such evidence might be offered E dea 
periments in which the reinforcer is held iG 
stant and the influence of other nm. 
variables, such as deprivation from smit 
upon the magnitude of the reinforcem 
effects is studied. 


SUMMARY 
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S à P "5; Blac 
Pwo groups of eight female C57 Bla nef 


mice each were tested in a modified pr 
box to examine the hypothesis that: ds une 
ceptible environmental change which | thirst 
related to such need states as hunger anc The 
will reinforce any response which it tallone S 
effect, upon the emission rate of a bar Don 
response, of the onset of dim illum! 
which followed this response was tested. 

Introduction of the stimulus signil jon 
increased the rate of emission of this rent ted 
Significant extinction effects were Let (8 
when stimulation was discontinued. der the 
were considered to be in agreement W! with 
initial hypothesis and were discussen the 
reference to the general implications 
hypothesis. 
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> Able Ss! behavior in this situation was 


under full illumination, During this time, counter read- 
ings were taken and food and water replenished Food 
and water were continuously ilable during the base 
period. The experimental period immediately tellówed 
the base period and continued for 21 days. The control 
Ss continued on the base period regimen. The experi- 
mental Ss were placed on a restricted drinking schedule 
and permitted access to water only from 11 A.. until 
12 m. each day. Food was continuously available during 


this period. 
RESULTS AND DISCUSSION 

Each S’s base rate (in revolutions per day) 
was obtained by totaling the number of re- 
corded revolutions during the 7-day base 
and dividing by 7. The S’s activity for 
each experimental day was divided by the base 
rate in order to obtain a daily figure expressed 
in terms of a percentage of the base rate. The 
activity for the control Ss for the 
eriod was 110.3. The 
r the experimental Ss 


period 


mean daily 
21-day experimental p 
mean daily activity fo 
for the same period was 165.0. 

The large difference between the variances 
al and control groups neces- 
e Festinger technique (2). 
activity, in percentage 


of the experiment 
sitated the use of th 


Each S's daily running 
of base rate, was totaled and a mean obtained 


for the 21-day period. Appropriate rankings 
based on these means were then given to the 
experimental and control Ss. Results indicated 
that the difference between the experimental 
and control groups was significant beyond the 
05 level of confidence. 

The means for the experimental and control 
Ss for each day of the experimental period are 
indicated in Figure 1 along with the combined 
of two previous studies (4, 5) in which 
the same environmental conditions prevailed 
and the same procedure was followed except 
that food rather than water deprivation was 
utilized. Inspection of the plots indicates the 
stable control curve, a little above the ex- 
pected level of 100 per cent. The activity for 
the water-deprived group is also surprisingly 
stable, although somewhat higher than that of 
the control group. This latter level of activity 
is in sharp contrast to the activity exhibited 
by the food-deprived animals. The progressive 
increase in ity which tends to accompany 
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valid index of the strength of motivation, two 
drawn from the findings. 


water depriva- 


conclusions may be 


First, a restricted feeding schedule results in 
considerably greater motivational strength 
than a restricted drinking schedule. This 
finding is not in agreement with the common 
assumption that lack of water results in 
greater motivation than lack of food.' It is 
important, of course, to keep in mind the 
well-known interrelationship between 
and water ingestion, Rats deprived 
do not eat as much food as usual, 
deprived of food do not drink as mu 
Thus, the present experimental 
not represent a comparison between a pure 
hunger and a pure thirst drive, 

The second conclusion to be drawn is th 
prolonged period of restricted 
less likely to result in a. progressive increase 
in motivational Strength than a similar 
period of restricted feeding. Thus, from a 
methodological standpoint, water deprivation 
would seem to be superior to food deprivation 


as à source of motivation, Unfortunately, an 
explanation for such 


à fundamental difference 

between the operation of the 

not immediately apparent. 
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perimental animals’ time was devoted pri- 


‘Tt should be noted that Finge 


r and Reid (3) have 
also questioned this assumption. 


HALL 


; he 
Rises , ng th 
marily to drinking and eating during 


ion was 

: S osi n wa 

twenty-fourth hour, when iro pani 
present, the animals' total daily i 


activity is reflected in the 23-hr. period. 4 
which there was no visual E f) 
though sound stimulation was not aper 
previous work (5) has indicated that » gatia 
animals, run under conditions of e: ac 
tion or food deprivation, show as ep heat 
tivity as animals which are permittec mant 
the usual sounds present in the ep a 
situation. Thus, the present study po 
previous one in demonstrating that "erens 
external stimulation is minimized, an e resu 
in the drive state (hunger or thirst) uk 

in an increase in activity. I is dil with t 
reconcile such experimental evidence Ww 
Campbell-Sheffield hypothesis. 


SUMMARY de 
" ampt (€ P 
The present study was an attem] place 


nkin£ 


mmm 
animé 


à [7 
day water deprivation for a period de 
The mean daily activity of the E 
group was significantly higher gres 
the control group; however, no E fou 
increase in activity such as has “er 
with food deprivation was observet 
21-day experimental period, 


thé n 


activity in the rat. J. comp. phys". i 
1932, 45, 368 372. & 
Haun, J. 1 
FORD, P. V. 
following tra 


P A 
id jaw sdiédule c 
tion of a restricted feeding sc pus i Ne 
physiol. Psychol., 1954, 47, 362 0 the ct in 5" 
6. Lacey, O. L. A revised procedure for m 


—À 
of the activity wheel. Amer. J. Psyc 


412 420 


Received July 5, 195-4. 


FOOD INTAKE IN THE RA’ 
NTAKE IN THE RAT AS A FUNCTION OF DEPRIVATION INTERVALS 
AND FEEDING RHYTHAS' | 


DOUGLAS H. LAWRENCE asp WILLIAM A. MASON? 


Stanford University 


Studi r 
les n 4 
of the relationship between food 


Priva ti 
= mut diiit of drive make use of 
that drive fee concepts. It is usually assumed 
of the mS increasing monotonic function 
least within ii of hours of food deprivation, at 
poken of as mils. AL the same time hunger is 
the lend $a rhythmic phenomenon as though 
drive, eod to eat, and by implication the 
and then Jes à maximum at periodic intervals 
Sugpeste too This latter possibility 
ieee increasing relationship 
vation and drive would exist 


Ong 
Wo) 
1 ie Show a decr e 

shi pres i A 7 " 

x betwen study investigates the relation- 
i Pi rs established eating rhythm and 
coals of q of food ingested after varying in- 
i ns Stn ea on. Thus, it is dealing with 
al h Sry behavior rather than instrumen- 


lj , , avio, z 
! additi a the usual measure of drive level. 


9 Mon : : 
M Periog b It compares the eating behavior 
otn IC group with a second group whose 


di. ? ^Xperienc 
i start rience had always been of an aperi- 
Ythmic nature. 


hatt ft METHOD 
"y 120 
see Fa 
Bionn €f 
meg, 


"NO rats of the Slonaker strain, approxi- 
ae REG; were used, Half were mal and 
Cages RI birth these Ss had been d 

h access to food and water at all 


E 


li 


proof room 


h 
Wide er. 
th th Xperiment X . 
prie was conducted in a sound 
73° and 


Tj 1 1 
US emper. : e 

Ye The Beate maintained between 

Xterna BS lights were left on. Consequently the 

^ ARTE cab ; r ently the 

Aldi h Nee oos Eee of a day-night ¢y le was 

The v “at odd times between 9 AM and 


v 12, 5 Were na: 

hers in. i k maintained in individual cages 8 by 8 

s hole in the front wall gave ace to 

to Sd Coverin piel consisted of small Purina Fr 

Het pa E t the food pan with !g-in. wire mes 

ny Paws, ‘ppp Pick out the individual pellets with its 

Ta moni em spillage of food to a minimum. 

LOWE NN M Tn was placed under cach cage to 
nt fj, tty ae : i 

ow e = Supported in part by 
the y itrition Foundation of 

Diversity of Wisconsin. 


h 


a resea rch 


New York. 


facilitate the recovery of any pellets that dropped 
through the mesh floor of the cage. 

While adapting to the experimental situation during 
the first four days, the Ss had continuous access to 
food and water. They were then divided into two groups 
matched for weight and food intake during the previous 
The Periodic Group (P) consisted of 20 


5 females v signed to the Aperiodic Group (A). 
Both groups were then placed upon a pretesting dep- 


rivation schedule 
In order to facilitate the testing procedure that came 


later, the P group was divided into four subgroups 
(P-1, P-2, P-3, and P-4), approximately matched for 
weight and intake, and each containing either three 
s and two females or two males and three females. 
Starting on the fifth day, these four subgroups had ac- 
ater at all times but had food available for only 
. each day. The schedule of feeding was as follows: 
P-1 from 900 to 1200, P-2, from 1300 to 1600, P-3 from 
1700 to 2000, and P-4 from 2100 to 2400. This schedule 
was continued for 27 days in an attempt to establish 
a 24-hr. feeding rhythm. The Ss were weighed to the 
nearest gram each day before the feeding period, and 
their food intake, allowing for spillage, was measured 
to the nearest tenth of a gram. 
The A group was placed on a highly variable depriva- 
tion schedule to prevent a definite feeding rhythm 
from being established and at the same time to acquaint 
the Ss with a wide variety of deprivation intervals. All 
food was taken from them at 900 on the fifth day. 
Counting hours from the beginning of one feeding to 
start of the following one, the sequence of intervals 
between feedings was as follows: 48. 4, +, 12, 24, 40, 
20, 32, 16, 28, 8, and 36. These 12 intervals were then 
ated in the order: 8, 44, 20, 48, 4, 32, 24, 16, 28, 
12. Food was lable for 3 hr. at each feed- 
weighed each day at 900 and their food 
he end of each feeding. 
28, a new regime of test feedings 
introduced. All Ss in the P groups were fed at their 
| time on this day, those of the A group at 900. 
four P subgroups were tested at 8 of the 12 
listed in Table 1. ch subgroup 
rent set of 8. This arrangement 
done between 900 and 2400 
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Starting with day 
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avail: 
rhythm of the P subgroups during 
esting, the proce jure illustrated at the bottom of 
1 was employed. After being fed at its regular 
j 900 on day 28, S was placed on its first de- 
| of 8 hr. and then given its first test 
ne day. The following day it 
al time of 900, placed on a 
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TABLE 1 
Deprivation Intervals for the Periodic Subgroups u | — à 
48 
Subgroup | Ret | 4 | g lig | a6 | 20 | a4 | gg 32 36 40 H 
dE dne. Time | | m 
FA | ` 5 "E 26 X 
RR) PE = — | a : : x 
P-1 900 X X X . X N S N x 
P-2 1300 X X (X X (N À x X x 
P-3 1700 x X x X IX $ X N w 7 
PA 2100 e X X X ». 3 M 
Illustrative Schedule for One P1 Animal e 
TT PE e 13 
2 
Day 1 2 3 '4 1/8 pole ps 6 iy di, 12 a 
B - - aot 
t aene: : - n 900  — 
Reg. Time 900 900 900 900 =i 900 " 900 = ee guo es | no 
Test Time 1700 2100 1300 — 1300 2 10d ~- en = dd < pd 
Deprivation Interval 8 12 4 — 28 | — 32 d cs 2 
deprivation interval of 12 hr., and then given a test à -— mm 
feeding at 2100. It was fed again at 900 on the third The matching of the four periodic su i cii 
day. Thus a regular feeding at 900 intervened between vanes Me te > two analyses of variances 
each pair of test feedings. The exception to this rule Was checked by two analys ker ow thet 7 i 
was after a 24-hr. deprivation interval; as this test on their weight, and the other 5 
feeding came at th 


e regular feeding time, a second 
deprivation interval was started immediately, It should 
be noted that the test feedings, except for the 24- and 
48-hr. deprivation intervals, came at times in the day 
such that S had not previously experienced them as 
feeding periods, Each of the 20 Ss in the P group went 
through the eight deprivation intervals in a different 
order. As far as possible these orders were arranged 
so that each deprivation. interval occurred. equally 
frequently at each testing so asto allow for any progres- 
sive change in intake during this time, 

The Ss in the A group were tested 
deprivation intervals listed in T le 1, one test follow- 
ing the other without any intervening feeding period, 
Food was available for 3 hr. at each test. A different 
order of intervals Was used for each S to allow for 
progressive changes in intake, but these orders were so 
restricted that all testing could be done between 900 
and 2400. Having completed a cycle of such tests, 
each § immediately started 
different order of intervals. 
were weighed each day at 
food intake at each 3-hr. feeding, 


at each of the 12 


Their 
whether regular or 
arest tenth of a gram, 

of interactions between 
als with repeated testing 
group were given a post- 
re conventional design. The four 
5 of 12, 24, 36, and 48 hr. 
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used. Immediate 
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ar feeding period for three da 
as tested at one of the 
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above interv; s, 
ar feeding schedule for three 
days, next tested at a different. interval, 
Thus. three days of feeding 
vened between each test, 


and so on. 
at the regular time inter 


Each S went through. the 
four tests in a different order. 


intake for the five days preceding ae EE n $ 
feeding. In neither instance did the e the D 
between groups or between days reac "e four 
level of significance, This suggests that weigh! 
groups were adequately matched T k. had 
and intake and that these variab es 
stabilized during the pretest period. est dat 
The legitimacy of averaging the ae per 
from the four groups was checked » i ce? 
analysis of variance. All these B det ^on" 
tested after 24 and 48 hr. of dapiivas pes? 
sequently, the equality of reaction als WE 
four groups to the deprivation in oe ; 
judged from these two test scores E. re is n 
The results are shown in Table 2. Therese" 
indication of any significant difference ifie" 


fe € N 

mean intake for these two intervals * * e 
7.82 gm., respectively, indicating tha rival iP 
ate considerably less after 48 hr. of le i ab 
than after 24 hr. On the basis ot dd 
analysis it appeared legitimate to aN i 
test data from the various subgroups- ihe eri 

The solid line in Figure 1 b oper d 
tionship between average intake "we prev ji 
deprivation when the Ss have — ult: 
experience with a 24-hr. feeding St o i m 
should be noted that the curve rises d n 
mum after 24 hr. of deprivation anc : 


mien d s, There 
at longer deprivation intervals. 1 
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dip. Uted fe each S to this function can be 
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: Fic. 1. The solid curve represents the average food 
intake during a 3-hr. period after varying intervals of 
deprivation for a group of animals in which a 24-hr. 
hunger rhythm had been established. The dot-dash line 
is the same relationship fora group that had previously 
been fed at irregular intervals. The broken line is based 
on the first group when the test feeding occurred at the 
same time of day as had the regular feeding during the 
ablishment of the hunger rhythm. 


est 


ence in average intake between the two replica- 
tions nor the interaction between replication 
and hours of deprivation were significant at 
the .05 level of significance. This curve indi- 
cates that the relationship between average 
hours of deprivation and intake is very similar 
for the A and P groups for intervals between 
4 and 24 hr. For longer deprivation intervals, 
however, the average intakes of the two groups 
differ markedly. As indicated previously, the 
P group ate significantly less after 48 hr. than 

A similar analysis of the A 


it did after 24 hr. < a 
data fails to show any significant drop in in- 


take over this interval. 
Because of this marked difference in eating 


a check was made of the equality of 
h respect to weight. For the 
he five days prior to testing 
the P group aver- 
ne 


patterns, 
the two groups witl 
interval including t 
and the entire test period, 
aged 210.0 gm. and the À group 203.3 gm. T 
difference Was small but statistically reliab 
The P group showed no average change in 
weight during this period whereas the A group 
n gradual but significant loss, and 
d from the fact that during the 
as the result of the com- 
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feedings in 13 days whereas the A group had 
only 12 feedings. This is also mirrored in the 
: f the two groups during 


average daily intake o 


270 DOUGLAS H. LAWRENCE 
the test period; the P 


group averaged 8.61 gm. 
and the A group, 7.76 


gm. 


DISCUSSION 


In interpreting these results it should be 
borne in mind that the previous eating be- 
havior of these Ss had not been controlled. 
While raised in group cages with food and 
water always present, it is highly probable 
that all animals had established a day-night 
rhythm of eating and had experienced either 
self-imposed or accidentally imposed depriva- 
tion intervals of varying lengths. This type of 
experience would tend to obscure the influence 
of the experimentally imposed eating rhythm. 
The fact, however, that the four subgroups 
among the periodic animals showed no differ- 
ences in average intake at the end of the pre- 
test period, even though they were fed at 
different times throughout. the day, suggests 
that the experimentally established rhythm 
had overridden any previous day-night cycle of 
eating activity. Furthermore, the repeated 
testing of each 5 may have been a complicating 
factor, but the fact that the posttest gave the 
Same results tends to rule this out as an im- 
portant variable, 


The difference 


the 
Periodic 


Sroups in this study 
he amount an S eats 


could readily be explained as a 
concomitant digestive and metabolic 
Processes. But the fact that with longer de- 
privations the periodic group shows a decrease, 
whereas the aperiodic group does not, 
that this difference is 
ential experience with 
The periodic group 

perienced intervals of 
or 48 hr. Consequently 
eaten at these longer intervals can be readily 
accounted for by stimulus generalization or by 
similar Concepts (1). It has previously been 
shown that when à deprivation interval is intro- 
duced for the first lime, rats tend to eat very 
little and only gradually increase their intake 
with repeated experience with this interval (2). 
This finding can be generalized to the present 


implies 
a function of their differ- 
various feeding intervals. 
probably had never ex- 
deprivation as long as 36 
y, the decrease in amount 
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it 
Study only with caution, however, pur 
involved simultaneous changes in weight i i 
were not characteristic of the present exP 
ment. jodie 
The fact that the intake of the petit y 
group leveled off after 24 hr. dopr eint 
Primarily due to the length of i Ss di 
period used. It was observed that * n 
most of their eating in the first hour " hr. ak 
tended to sleep during the Sap ona i more 
though occasionally returning for a average 
Pieces of food. It would appear that an jeu 
of 10 to 11 gm. of food was the Pis d- 
these Ss could eat during one continuons i ; 
ing under the conditions of this e e 
The relationship between Suam, ate ; 
: 4 ^ oca 5 
privation seems to be further com] se i 


"n 
d à ast feeding | 
the time of day at which the test ablisht 


? à een est d 
given, once a rhythm has acte s tende, 
Figure 1 indicates that the periodic » al} 


B :nperva 
to eat more for a given deprivation wet ned 
the feeding came at the regularly se y um 
time of day than if it came at a m m 
familiar time. The fact that the exte in (hie 
vironment was relatively constan 
study throughout the 24 hr. wou nal 
that this was the result of some omen d 
of the animal. But the role oí rare ed 
such as the presence of Æ, can not be , 
completely. A iifferenc?, is 

The interpretation of this a at in iA 
further complicated by the fact To ril ing, i 
study the deprivation interval D nri i 
regular feeding is negatively corre wie pre 
the deprivation interval preceding insta” 
feeding at an irregular interval. For ah 20 
if, after a regular feeding, an .S was Pag at^] 
of deprivation and then a test oo illo 
irregular time, this was immediate Pai y We 
by a feeding at the regular time after y for! " 
of deprivation. How this would accou! ons 
difference in intake measures after à 2 eve? 
deprivation interval is not clear. In nd u 
this difference complicates a simple $ o 
generalization account of the curve 
periodic group. 

A final point of interest is the 
indication of a second n 


ibe 


P of 
absence 1 
absen T 


: i mia o 

naximum in in g 12", 

48 hr. of deprivation even though Th UM 
d ee a — af 
feeding always came at the regular time; | o 


o! 
day. It tends to rule against an explana”! 


FOOD INTAKE IN THE RAT 


these a 
re. ; 
Sults in terms of an “internal clock" or 


Other rhythm; - 
ig E mechanism independent of 


SUMMARY 


Thirty i 

rug albino Tats were divided. into two 
; ius e and an aperiodic feeding 
3 hr. md. UM the periodic group was fed 
h day at the same time in order to 
t perian ne rhythm. During this time 
but the de ic group was fed for 3 hr. at a time, 
Varied Side ahon interval between feedings 
Both gro n + to 48 hr. in irregular succession. 
foog ieee were then tested with respect to 
10n rangi € after varying intervals of depriva- 

an from 4 to 48 hr. 
Mount s groups showed an increase in the 
Pivation we with increasing intervals of de- 
Up to 24 hr. With longer intervals the 
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periodic group showed a decrease whereas the 
aperiodic group showed no change. 

2. For a given deprivation interval, the 
periodic group tended to take in more food if 
the test feeding came at the regularly scheduled 
time of day than if it came at any other time. 

3. There was no evidence of a second maxi- 
mum in intake at 48 hr. of deprivation for the 
periodic group even though this test feeding 
-s came at the regularly scheduled time of 


alway 

day. 
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DOES THE ACTIVITY 


JOHN P. SEWARD AND 


University 


In addition to drives resulting from tissue 
needs, reference can be found in the experi- 
mental literature to a motivational construct 
more closely related to goals. Hull’s (5) Postu- 
late VIT defines “incentive motivation.” What 
Tolman used to call “appetite” (13) he now 
calls “‘cathexis” (14). Maltzman (8) suggests 


the term "process need" for this variable. 
senior author (11) has 


for the same purpose. 
terms is the notion that t 


and to determine 
ing Secondary re- 
9 have a measure 
instrumental response. 
d Tolman (4) used the 
ide such a measure. In 
found that hungry rats 


r 1 min. turned it more 
immediately 


without invok 
; it is desirable t 
independent of any 

Geier (3) and Geier an 
activity wheel to prov 
the first study Geier 
confined in a wheel fo 
often when fed 


tof wheel-turning. 
ed ideally suited to 
striving. 

, 
heels and to 


were trained wn by 


alleys painted with 
thwise black and white 
led to food, the other di 


was not crucial eit 
hypothesis or for the measure 
Before revising 
however, we though 
the measure by r 
Geier’s technique. 


the goal-striving 
used. 

the experimental design, 
ht it advisable to validate 
*peating the essentials of 


! Aided by a grant from the Committee on Research, 
University of California, 


WHEEL MEASURE GOAL-STRIVING?! 


A. CLINTON PEREBOOM 


of California, Los An geles 


EXPERIMENT I 
Method 


from the wheel, There were two sliding ae 
posite sides of the wheel: through ae y. Origin 4 
inserted; the other gave access to the a atching UP 
transparent, halfway through the aia to redu“ 
these doors were made opaque in orde 
distraction, qs 
Subjects. Fourteen male hooded rats, RM 
at the outset, were housed in individual cages 
to activit 
was always available? Once 
of experimenting they were e 
Rockland pellets for 1 hr, in group cages: 
Adaplation (10 days). Five days p: 
5s to become accustomed to running a es 
tached to their cages. On day 6 Ss t 
paratus for 10 min, in groups of three or f 
7 they explored it singly for 5 min. On s 
two trials a day were run to habituate th 
finement in the wheel, St 


siio: old 


ache 
tt ratet 


allow! 


«doo! 
, exit ¢ 
arting with the €X 10, 2) 


A ials 0, 99 y. 
open, £ kept it closed on d endbo o 
and 30 sec, before releasing S into alley 2 a dày " of 


Matching trials (12 days). Two kom 45 5 ‘ne 
given, spaced about 45 min. apart. da hand and "m 
confinement the wheel was stopped p 30 sec. * 
exit door opened. The S was removed J 
~ ing the endbox. " ese D nn 
ond ton of total revolutions during Lye with" 
12 Ss were matched and gned at Te enrdëd, j 
pairs to Groups E and C. Two Ss were disca T 


jal? 


OM 
s AC vere run in 2 P nasl 
Test trials (19 days). Subjects were E found ™ C 
order, varying from day to day. pur a uF asr 
in a glass furniture coaster in the endbos a 


ions 
à " ification 
During the test series certain modific 
introduced as follows: ] -— 
Days 1 to 5. Three trials a day were gl 


sor 


a at 


d after 12 
min. intervals. The wheel was stopped alte his " 
but the exit door was not opened until 60 e. wh 
done to prevent possible reinforcement © 


i a . were 

turning by immediate eating, S 
moved 30 sec. after enteri g th 
Days 6 to 19. Since G 


Both group: 
e endbox. sed 1 
er may have use 


asst 


> jl Tu 

2Since only 12 wheels were available, two fared 
cages were also used, and one pair of Ss was ays ov 
among the wheels all Ss therefore spent six de 
of seven in activity cages until the end of mi 
trials, when two Ss were discarded, 


Bg 
“pin 
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t2 
T1 
[n 


| O 
ast 
30t 
25 "di 
i 
veot 
Ish 
fy e——— GROUP E 
o---- GROUP C 
5h 
o 
Nr x ee 
I 2 LLL an = ee Saeki E EL T 
3 4 5 6 ri 8 9 10 n 12 13 l4 IS 16 7 18 19 
TEST DAYS 
" Fic. 1. Mean revolutions per minute for Groups E and C on test days (Experiment I). 
ehh P 
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ó d S. Fi b 
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Uu p 
lok ó Pi 
5h 
ee 
a ee a a 2 


d p i A RO 
4 
8 9 io n 12 I$ 4 5 6 I7 IB 19 


I 
2 Us 4 S € T ui 


Fic. 2. Means of mediar 


AT 
Sef ur Ah he was not explicit on the point, we 
ton gS live ae trials a day for the rest of the series. 
tring ons mo 9. In a further attempt to copy Geier's 
ho Cement. closely and to test the possible role of 
Simultan. E stopped the wheel and opened the 
Day p neously at 60 sec. 
the DN 19, Duplicating Geie 
"Ndhox ‘pect, we gave Group E2 
X and allowed them to eat it al 


r's technique in 
9 gm. of mash in 
1, which took 
after 30 sec. 


Recut, 


Fig 
b pus shows mean revolutions per minute 
ys. n Groups E and C on successive test 
" Teaks in the lines indicate the pro- 

changes noted above. The two sets of 
may be seen to follow each other 
- "Student's" / Whether based on all 
ays 11-19, fell far below the 


Qs So 


5, °F only on d 


eve] for 5 df. 


n exit times on test d 


DAYS 


ays for Groups E and C (Experiment I). 


To check the effectiveness of the food re- 
ward by another measure, each S's median 
daily exit time was recorded. Figure 2 pre- 
sents the means of these medians for the two 
groups. In a two-tailed test of the null hypothe- 
sis the mean of the mean intrapair differences 
for all days, 13.8 sec., gave a ! of 3.07, signifi- 


cant at the .05 level. 


Discussion 
Two facts are clear: (a) Our results failed to 


confirm the effect of a food incentive on wheel- 
turning reported. by Geier. (b) This failure 
could not be attributed to the absence of any 
incentive effect. Seeking another explanation, 
we thought of two possibilities: 

1. When tested, Geier’s rats were 1!» mo. 
ess than 3!» mo. If our Ss were 


old, ours ! 1 
active than his, the addition of 


basically more 
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food tension might be unable to raise the ac- 
tivity level any higher. Geier reported a mean 
score of about 25 rpm for food trials, 14 rpm 
for nonfood trials. Corresponding means in our 
experiment were 29 and 28 rpm. 

2. As already suggested, Geier’s rewarded Ss 
may have learned to turn the wheel through 
inadvertent food reinforcement. If this were the 
case it should be quite easy to induce a wheel- 
turning habit by judicious use of reward. 

Experiment TI Was a test of the Second 
hypothesis, Incidentally, ii provided data, 


comparable with those of Experiment I, on 
older animals, 


EXPERIMENT II 
Method 


Twelve male hooded rats were placed in activity 
Cages at about 415 mo, and lived in them throughout 
the experiment, After the first Week they were fed for 
1 hr. once a day in groups just after the time of experi- 
menting, 

Adaptation and matching trials, 
was used. Adaptation to it, 
day, took a different form. 
selected with another purpose in mind, for which it 
Was desirable to avoid any Competition between 
turning the wheel and leaving it. The opaque exit door 
was therefore kept closed, permitting no access to alley 
or endbox. Since little wheel-turning appeared, a 
preliminary attempt was made to induce it by using 
light aversion, The room was darkened and two 60-w, 
lamps were mounted above the wheel. The S was put 
in with the Ji "hen it ran, they were turned otf 
for 15 sec, » then turned on 

als a day were given for 
five days, during which the number of revolutions re- 
quired to darken the wheel was increased by steps from 
less than one to five. This level was maintained for the 
next four days with four trials a day. Two Ss refused 
to run and were eliminated, No evidence of learning 
appeared in the time Scores of these 16 trials. They 
were used, however, as a basis for matching the Ss for 
the next part of the experiment, 


The same apparatus 
which began on the third 
These rats were originally 


Subject 


Group E Group C 
1 -002 i25 
2 -09 15 
3 09 75 
4 -09 .50 
Composite -001 80 
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5 to 514 mo. old, 

Test series. Since our rats were now 5 to = the 
we decided to repeat Experiment I as a origen used. 
influence of age. The wheel lights were TM mat 
Subjects were assigned at padam: wa ires space 
pairs to Groups E and C and were [ES was confine’ | 
trials a day for six days. On each trial < thet opened 
in the wheel for 1 min.; the exit door s à mash 
Group E was permitted to eat the 2!g 5 was remo" 
the endbox; Group C found no food and i 
after 1 min. ; made to tt 3 

Learning series. An attempt was nos cward. 5^ 
the animals to turn the wheel for a food a exi Wi 
ditions remained the same except that T as D 
was opened and the wheel braked as we lime, qur it 
three revolutions without stopping. H fee eed e 
as the time from putting the rat in the recorded ^" 
made three continuous revolutions, was 
manual operation of an electric timer. vagt 

After six days incentive Songitiens i the € jals 
Group C now found 2!y gm. of d > Daily n 
while for Group E the dish was EMP continue 
Were increased from three to four and 
Six more days. 


evers? 
ndbo* 


Results 


: es, . 
for Group C, 23.7. Mean rw» nd and 
within pairs were —10.8, =% d. es pay 
The ¢ for 3 df fell short of pee group y 
day scores revealed no trend in e ied jd 

As in Experiment I, an aam the i 
showed up in exit times. Here it too) or UM 
of improvement for Group E, € z resul! a 
C. Unfamiliarity of alley and end S score 
in marked variability and cy Bip 
When a rat refused to leave the laf pe 
min., it was urged gently into the oa nea. 
therefore impossible ‘to compu as fol owe 
Instead we stated a null hypothesis 2 ortion it 
If S failed to improve, the true prop ud e 
trials in the first half of the series Das ser! 
limes below the median for the ent! ted. "^ 
would be at least 0.5 We then ene fir 
each S the frequency of such trials in ino n 
three days of the series, A table of the ar the 
distribution (15) enabled us to determ! i 
probability of this frequency on the 
hypothesis. Finally, 
method described by ó ‘iske à 
i probability i ca 
able 1, the hypothes 
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Sis with confidence for Group E but 
Learnj “p c. 
p ete ad One more member of Group 
e iei SU tenstng resistance to eating in 
six days, cee and was dropped after the first 
toup S i Ss, three in Group E and five 
Song rtl completed the series. Compari- 
attempted |: matched Ss were therefore not 
so preclud M of a counterbalanced design 
reinforced n b pooling the groups to compare 
Mteraction al nonreinforced trials, since 
nor measur ie ects could neither be ruled out 
With ita ed (7). Since our concern here was 
function Peni in wheel-turning as à 
treatment 1 reinforcement, we confined our 
First w © the analysis of trends. 
Which E eliminated a few extreme values 
Tors EN , at the .01 level, the test for gross 
Owing s en by Dixon and Massey (2, P- 243). 
Meang O the usual correlation between the 
and variances of response times, We 


Next 
“thm Ansformed raw wheel times into loga- 


tach 4 he mean log wheel time of each S on 
inal lay constituted the basic datum for 
sis, 


Sco ‘Bure 3 shows the daily means of these 
Info ce 9r each group with and without food re- 
Wit Ment. Evidence of a downward trend 
i in both groups. 

’ effect 
1 level. 


'nforcement appears 
Sof variance showed the "days 
Curves to be significant at the .0 


LOG. WHEEL TIME (SEC) 


Soe eee S + FOOD 


NO FOOD 


! o 


f i st aee 
6 7 8 9 10 I2 
DAYS 

ans of mean log wheel times with 
reinforcement (Learning series 


v IS. a 
"nq 7:3. Group me 


Erpen ithout food 
iment TD), 


Comparing individual days in Group E we 
found significant differences (p = .01) between 
the first four and the last two days in all but 
one comparison. In Group C day 1 was simi- 
larly distinct from all subsequent days except 
the second. The opposite directions of curva- 
ture suggest a possible “latent learning” but 
should first be verified with larger samples. 
Turning to the results without reinforce- 
ment, we find no trend in those of Group C. 
In Group E, however, the apparent rise after 
removal of food is confirmed by an F signifi- 
cant at the .05 level. Significant differences at 
the same level are found between the first day 
and all days later than the second. . 


DISCUSSION 


Results of the test series gave no support to 
the hypothesis that the negative results of 
Experiment I were a function of the age of the 
animals. Although the reduction of sample size 
in Experiment II was regrettable, it is unlikely 
that adding more cases would alter this con- 
clusion. 

Results of the learning series were positive in 
one sense: they demonstrated that hungry rats 
will acquire increased readiness to turn a wheel 
if doing so leads directly to food. They also 
suggested that this increment may be subject 
io extinction. But in the sense that these 
results offer an explanation of Geier’s finding, 
they, t00, must be considered negative. Geier 

: is experimental Ss whether or not 


rewarded hi 
they turned the wheel. The learning we were 


able to induce by exclusively rewarding that 
response was neither so rapid nor so pro- 
nounced as to imply that it would occur 
through haphazard reinforcement. 

Our attempt to exploit the activity wheel as 


a measure of goal striving resulted in a failure 


to confirm Geier’s finding. Three interpreta- 
tions are possible: — . l 
1. The concept ol goal-induced drive is in- 


valid. [n 
2. The activity wheel cannot be used to 
measure that drive. 
3. The activity wheel measures that drive 


only under special, at present unknown, 


conditions. o 
Against the first interpretation may be cited 


the recent study by Sheffield and Campbell 
(12). Using an activity cage of the stabilimeter 
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iype rather than a revolving drum, they ob- 
tained clear evidence of increased activity 
during a 5-min. environmental change on con- 
dition that it regularly preceded the daily feed- 
ing. This finding, together with the evidence 
cited by Maltzman (8) and Seward (11), 
strengthens the case for incentive motivation. : 

The second interpretation implies a source of 
error in Geier's study. Since there is no indi- 
cation of what it might be, this conclusion 
Should be adopted only as a last resort. 

As to the third possibility, in Experiments I 
and II we have varied —not Systematically, it is 
true—the following factors without effect: (a) 
delay of reward, (b) amount of reward, (c) 
distribution of trials, and (d) age of animals. 
Another factor remains 10 be examined: 
Strength of drive. Consideration of this variable 
leads to the following hypothesis: 

There is considerable evidence from early 
Studies (see Munn [9]) that activity in the 
revolving drum is related to hunger. In the 
present experiment, therefore, with moderate 
hunger (Level 1) we may expect some wheel- 
turning in both experimental and control 
groups. In Group E we postulate in addition a 
general excitement aroused by fractional re- 
Sponses to food; with increased hunger this 
excitement reaches a point (Level 2) at which 
it produces more running in Group E than in 
Group C. As hunger is still further intensified, 
however, another effect Supervenes: general 
excitement gives Way to specifically goal- 
directed responses. A1 this point (Level 3) the 
difference between the two groups should dis- 
appear. Finally (Level 4) these food-oriented 
responses may compete so successfully with 
wheel-turning that Group E will actually 
fall below Group C. To reconcile the results at 
issue we need only assume that Geier's animals 
were tested at Level 2, while ours were at 
either Level 1 or 3. Although we have no inde- 
pendent measure of drive levels in the two 
studies, such a difference is quite conceivable. 

Verification of the hypothesis calls for a full- 
scale investigation, Meanwhile two bits of re- 
lated evidence may be cited: 

1. Geier and Tolman (4) tested wheel-turn- 
ing at different distances along a 24-ft. run- 
way to food. They found that with decreasing 
distance revolutions per minute first increased, 
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then diminished. Goal striving presumably 
varied inversely with distance, first fae 
then inhibiting “restless activity.” Tf 2 
striving varies with drive strength, it sho 
produce the same effect. at 

2. Birch (1) found medium degrees —— 
optimal for problem solving in e a 
He interpreted his finding to mean a 
little hunger failed to direct the Ss’ el vie 
loward the goal of food; too much e a 
directed them toward it to the exclusion - M" 
surrounding objects necessary to problem 
lution. Our reasoning with regard to W 
turning is closely analogous. 


SUMMARY -— 
o confi" 


Experiment I was an attempt t ning 


Geier’s (3) finding that the amount of on 
by rats confined in an activity whee mi i 
min. was increased by feeding them bw of 
ately thereafter. Twelve rats mat ae a 
wheel-turning were assigned to experi efil 
and control groups and tested under = et 
conditions. No difference in revolution” 
minute appeared between Groups E Bn 

Experiment II, besides confirming " 
ment I on older animals, showed that 
turning readiness could be increased pin : 
à food reward and decreased bap rema D yd 
This effect, however, was not striking 
to explain Geier's results. 

A hypothesis was suggested to accou! 
discrepancy between the two studies- 


i spery 
shee! ^ 
;vin£ 


cor" 
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AN EXPERIMENTAL TEST OF AN 


JERRY HIRSCH, R. H. LINDLEY, 


University 


The literature contains several reports (1, 2, 
3, 4, 5) to the effect that a moving overhead 
"shape in relation to direction of movement" 
(5, p. 77) acts as a sign stimulus for domestic 
and other fowl independently of any previous 
experience with these configurations—i.e.. the 
same shape in different directions serves as a 
sign to release different responses. Thus, Tin- 
bergen (4, P- 35) reports that a cardboard 
raodel designed a hawk (H) when 
flown in one direction “caused escape reac- 
crouching," whereas 
this same model When flown in the opposite 
direction looks like a goose (G) and elicits 
"merely superficial interest," None of these 
studies, however, Teports the use of certain im- 


to make such tests under controlled conditions 
on birds raised in the laboratory. 


METHOD 
Experimental Design 


The stimulus v; 


ariable of primary concern y 
in relation to dir 


ection of movement" 


shape 


P- 77). This 
variable was studied under eight conditions. Each of 
these conditions represented 


a cell in a trifactorial 
provide information about 
three variables that preliminary tests had indicated 
necessary to control, The first control variable, size 
Stimulus, was studied under two conditions: large 
(10-in. wing Span), small (4-in, wing span). Order of 
presentation was investigated in lwo arrangements: 
HGHG, GHGH. The influence of shadow was also 
Studied at two levels: Presence of shadow 
shadow, 


experiment designed to 


» absence of 


Subjects 
The Ss were 24 naive, eight-week-old, white Leg- 
horn chickens, Twelve males and 12 females were di. 


tributed fairly evenly among the various conditions. 
The birds were obtained immediately after hatching 
from the incubator at the Poultry Husbandry Labora 
tory of the University of California. They were raised 
ina 5- by 5f enclosure that included a brooding 
hut. This apparatus was kept in a different laboratory 
room from the one in which the experiment was per- 


! The authors are indebted to Dr. Leo Postman for 


many helpful suggestions and criticisms, 


deus JLUS 
ALLEGED INNATE SIGN STIMULU 
AND E. C. TOLMAN! 
of California 


d 
Siam 
author: 
formed. They were tended by one of the 


led. 
3 S A Je sas preclu 
all experience with flying objects was p 


"Apparatus by 


; alley H 
The apparatus consisted of a str: ght e srt 
11 in. with wire sides 24 in. high. To facilita ! 
tion, the alley was marked off into six -xcept for 
in. long. The alley was open at the top ex a pote 
end-section, which was covered to serve pes insider 
shelter. The runway was situated on ihe R Ha 
triangular enclosure, the sides of which ation 8C 
loween cloth—served as a one-way observa «was 
The stimulus— a bl: 


ardboard model—^ 


ht 
Procedure -— ^ 
Ts i i sginning ^. alle 
The experiment lasted 4 min. asi of the Ne 
time that S was placed in the third sec s, ab 


] e SS he 
s alf the - t 
facing away from the shelter. For half ied “ 


end of the first 60 sec. the model d 
right to appear like a hawk (short nec n 
at the end of the next 60 sec. the nails i i 
back in the opposite direction to appear c, pe" 


: s 

IM RS st two 60-5CC 5 7 

(long neck and short tail). The next mee hall UP T 

repeated the same sequenci a For the Pu 
the order of presentation was HGHG. ri 


exposed in 


ay haV* ad 

ay an 

ts that ma) ala" 
rba ys 


half of the Ss the stimulus wz 
order, GHGH; thus, any ef "ema 
due to order of presentation were Sod ibe anal? 
This condition is referred to as “order r thet g 

Nonsystematic preliminary tests on o MT i 
of animals had led us to believe that when was pe 
was cast, a stimulus with a 4-in. wing Mi size 
threshold. In the experiment proper the r of 
therefore exposed to half the animals in oT d ? 


es, a uda 
trol for noise and other extraneous in Buen. ith 
to test this finding sy: ally. A simy K í 
10-in. wing span was posed to the other TS a 
group. This condition is referred to as Bis "oom e 
During the entire experimental period the Mm p 
illuminated by two 100-w. bulbs covered wi c 


glass globes and suspended from the ceiling at atl 
of 1 in. In addition, there was a 60w. Lr er " 
pended at the same height directly over the d is la? 

the alley. During the testing of half the Ss "e " 
was lit so that a shadow was cast by the $ 


if 
j 


jul" 
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TEST OF ALLEGED INNATE SIGN STIMULUS 


" TABLE 1 

d 5 

5 of ans of Total Scores for Three Control 
"actors in Discrimination Test 


Analy: 
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TABLE 2 


Analysis of Variance of Trial 1 Activity Scores in 
Discrimination Test 


Source of Variati .| Mean | —— Mean 
ariation dj | Square | P Source of Variation df Square 
Order = 
Presence 1 | 1.5050 Form (H vs. G) 1 .0187 
Shadow absence of | 1 26.7337,8.514 € .01 — Ss within groups 2 | n9 
Size | 
Residual 1| .9243 
ee. 20 | 3.1399 TABLE 3 
3H _ | tt Analysis of Variance of Weighted Total Scores in 
Dass; Discrimination Test 
Ssin, P ces 
of the d it. During the testing of the other half | "m 
Shadow 3 € center light was turned off so that no Source of Variation df Square 
TéSence as cast. This condition is referred to as | 7 
The gj or absence of shadow.” = i — 
of activity response measures used were: (a) amount Order i | ae pon 
Alley. Y as measured by the number of sections of Ss within groups Ws x 


y 

Sualit aversed in a Ssec. interval, (6) a group of 
g, (3) Ris Tesponses—(1) darting forward, (2) walk- 
The se er ning; (4) wing-flapping, (5) taking shelter. 
Wag base pm of these responses as indicators of fear 
the qi bor our own preliminary observations and 
uring the by Kritzig (1). 

the experiment proper, there were 


Sons j four per- 
€ room but outside the enclosure. Only or 


bing ne 


me ae time was in the experimental room during 
Made in Session, Every 5 sec. two of the observers 
iile a pendent ratings of the five fear. responses 
jure ae recorded the amount of activity. The 
e alles ed inside the enclosure to place each bird 

m the start of a test period and to remove 


RESULTS 


A 
Mea Se 


x Analysis were the total number 
ea) mount of activity) on the four trials 
See S. Only the main effect due to the 
a ae absence of a shadow proved to be 
Sim; 'Stically significant source of variation. 
E hed results were found in the other analyses. 
ya)? further statistical tests were made to 

Yate the stimulus variable of primary 


interest—shape in relation to direction of 
movement. First, the responses of the 12 Ss 
that received the “hawk” image on trial 1 
were compared with the responses of the 12 Ss 
that received the “goose” image on trial 1 by 
means of a simple analysis of variance. The 
results of this analysis are summarized in 
Table 2. It is clear that no differential response 
to these two images was observed on the first 
trial since the mean square between conditions 
is smaller than the mean square within con- 
ditions. Next, weights were assigned to the 
individual trial scores in order to cancel out 
the over-all effects of trend in a counterbal- 
anced design. The scores on trials 2 and 4 were 
assigned negative values (multiplied by — 1), 
while the scores on trials 1 and 3 were left un- 
changed (multiplied by +1). A simple analysis 
of variance was then performed in which the 
scores consisted of the algebraic sum of these 
weighted response scores for the four trials 
for each S.? A summary of these results is 
presented in Table 3. Again, the mean square 
between groups is smaller than the mean 
within groups, indicating that there 


square : : 
was no differential reaction to these two 
stimulus configurations throughout the ex- 
periment. 


3, 4 represent the particular trial 
core in this analysis is represented 
suggestion we 
of the Mathe- 
y of California. 


2fwe lei =! 2 
ved, then an ~ 

Xi— Xe — 
ted to Professor E 
istics Laboratory. Unive 


obse! 
by 
are indeb! 
matical Stat 
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Similar results were obtained írom 
analyses of the other response measures. 

The analyses do not show the size effect to 
be a statistically significant source of varia- 
tion. This result is not congruent with our 
earlier impression that the threshold is above 
4 in. There is, however, a consistently greater 
response to the larger stimulus. 


the 


DISCUSSION 


In general, we must conclude that under our 
conditions the hypothesis that certain spe- 
cifically shaped sign stimuli innately arouse 
fear must be rejected in the case of the white 
Leghorn chicken. Evidence from the pre- 
liminary tests on another group of animals not 
included in this report casts further doubt on 
that hypothesis. For in the preliminary test we 
also used circles of various sizes as stimuli and 
obtained the same fear response provided the 
diameter exceeded 4 in. Tinbergen (5, p. 32) 
reported that a circle does not release an escape 
response. Whether or not the difference in re- 
sults may be due to differences in setting— 
the laboratory versus the barnyard—is a 
question that our results cannot answer. 

The preliminary tests also indicated the 
optimal stimulus exposure time to be the 114- 
to 2-sec. interval used in the experiment proper. 


At that time the fear response was found to 
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extinguish in 10 to 12 trials and to show iy" 
taneous recovery after the passage of 2 
3 hr. "e 
Our observations in the laboratory lea : 
to conclude that four variables are importen, 
for eliciting the escape response in the chicken 
amount of previous experience, rate of m 5 
ment, size, and presence or absence 9 
shadow. 


SUMMARY 


The Tinbergen hypothesis that certain i: 
cifically shaped sign stimuli innately ae m 
fear response was tested on the white Leg por 
chicken and found to be untenable under © 
trolled laboratory conditions. 
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The zs 
oe investigation of the influence 
ited to the à n learning. has largely been 
tectiveness be resi drives. Studies of the 
tivation are different levels of aversive 
€ recent incre surprisingly rare. In view of 
on fear, such ased interest in behavior based 
Merest, Thi studies become a matter of some 
Which is his is particularly true of shock, 
Producin almost always used as the fear- 
When a bacs in animal experiments 
r anxiety is manipulated. 


lim 


EXPERIMENT I 


he liter; 
eet of des on avoidance training contains 
e. lor of m EE of the allegedly typical 
n ck. Some a in the presence of electric 
T shock į authors (e.g., 3) stress the point 
big claimed that in activity; others (e.g., +) 
bilge Ws at inactivity is dominant in the 
T» hac. to shock. Two possi- 
modest nt for such diversity of opinion 
80 rats are bi- 
hock, 
The 


he purpose of ex} 

Was a eoa on suc 

of m t on the psychophys 

On wa as; an which the stimulus 
as shock intensity. 


ical 


| "eth 


R s. TI 
pN ong dis 
Ba Dt aid 
ot, hays And a clea E 

ear Plexiglas front throug 


9 in. high by 
in. wide, with an electrifiable grid 
h which 


le shock 


C d arg n 
€ apparatus was à box 


EN 


ay, Vio, 
1 yy PPro: T Coul 
MUS imately S be observed, An unavoidab 
anys, UO Y 230 v. and controllable amperage was 


tronic stimulator 
Co. Shock dura- 
rown electronic 


ree 
ed pa by a model 228 elec! 
y the C. J. Applegate 


‘contr 

i oller x 

p (A ed by a Hunter-B 
ie v 


Sent were 10 male 
( 200 days old 
a 
provided by 
Council and 


at the time of the experiment. They were housed in 
the animal colony and allowed free access to food and 
water. 

7 Procedure. The S was placed in the apparatus for a 
5-to 10-min. adaptation period, following which E 
administered 16 series of shocks according to a modified 
method-of-limits procedure. Each series consisted of 
ten stimulations ranging from 0.0 ma. to 0.9 ma. in 
0.1-ma. steps. The series was presented in an ascending 
and descending order on alternate trials, with the first 
trial for each S always being an ascending series. The 
0.0-ma. value served as a test for conditioned responses 
to slight noises coming from the apparatus. No S ever 
responded to them. 


Each shock was of 1.0-sec. duration and shocks were 


spaced at 30-sec. intervals. The intensity range, dura- 
tion, and spacing of shocks were based on experience 
with perhaps a dozen preliminary animals. Experience 
with the preliminary Ss also gave E practice in noting 
and recording their responses. 

Response measures. The E noted S's response to 
each shock and recorded it in one of three categories 
determined. by preliminary observations: (a) no re- 
sponse, (b) jump; and (c) flinch. This last response 
category requires comment. We defined this response 
as a startle response to shock in which S's feet did not 
leave the grid. We suspect that this flinch response is 
what other investigators (4, 5) have called a “crouch” 
or "freeze"; but without having observed the behavior 
of other Ss, we cannot be sure. The data were collected 
by two different Es who began the experiment only 
after they had run enough practice Ss to reach a high 
degree of agreement on the response categories. 


Results 


As a function 0 


and flinch responses 
in Figure 1 shows the mea 
d flinch responses at € 
ts for the 0.0-ma. intensity 


poin 
ed. The frequency of 


S respond 
creases steadily with shock 
of flinch 


the frequency 
Clearly the 


f shock intensity the jump 
were different. The graph 
n percentage of jump 
an ach shock intensity, 
omitting the 
to which no 
jump responses in 
intensity, Whereas 
responses decreases beyond 0.3 ma. 
flinch response is one to low intensities of shock. 
Every 5 produced some such responses but no 
s dominantly. Tf it is assumed 
nse is the same as the 


e flinch respo! 
noted by other authors, it is 


are distributed bimodally in 
y at rather low intensities 
r shock levels, at 
ampled here, all 


crou 
obvious th 
nse to S 


respor 
0.2 to 


least for t 
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807 Jump 
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A 
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Flinch 
Responses 


PERCENTAGE OF RESPONSES 


SS |S F 
4 2.35 4 5.6 7.8 9 


SHOCK INTENSITY IN MA. 


Fic. 1. Percentage of jump and flinch responses as a 
function of shock intensity. 


rats are jumpers. A comparison of shock 
thresholds in the first and second halves of the 
experiment shows that there was some adapta- 
tion. The mean shock intensity at which a 
jump response occurred 50 per cent of the time 
was 0.36 ma. during the first eight series of 
shocks and 0.51 ma. during the second eight 
series of shocks. Although this change in 
sensitivity is statistically reliable (; — 4.05, 
p < .005), the chief significance of the finding 
seems to us to lie in the fact that, in almost 150 


closely spaced trials, the threshold increased 
only 0.15 ma. 


EXPERIMENT II 

This experiment compared the acquisition 
and extinction of a wheel-turning habit where 
the shock used as the UCS was 0.2 ma., 0.5 
ma., 1.0 ma., or 2.0 ma. The results of the 
previous experiment indicate that this range of 
shocks extends from a relatively weak one to a 
very strong one. The results of this experiment, 
therefore, should produce a good first appro 
mation to the function relating performance in 
this situation to the intensity of the UCS. From 
the previous experiment, we also know some- 
thing about the kind of UCR's which these 
various shock levels will evoke from the Ss. 
For the weakest shock, they will be pre- 
dominantly flinch responses; 


Stronger shocks 
will produce fewer of these, and more jump 
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responses. This raises two important rem 
(a) The precise pattern of behavior develop” 
in the Ss conditioned under the uc ^ on 
intensities will probably be different. e 
the reasonable assumption that the bed 
response is more nearly compatible iru 
turning than the flinch response, amy reis 
in performance under weak shock lie rent 
may very well be attributed to the cm from 
of incompatible flinch responses. ir n per 
the earlier experiment we know tha ch b 
formance will not be complicated m is les 
adaptation if the number of shock tria's 
than 50 or so. 


Method epee 

Apparatus. The apparatus used in this bo 
was a wheel-turning one, consisting of a bos ple whee 
4.5 in. wide, and 9 in. long, with a move Uie 
inserted in one end. The floor was an Es Timing 
and the front wall was of transparent Plexig S uii 
and shock level were controlled by the same eq 
as was used in the prelimina »eriment. ond 
The CS was a muffled buzzer which pes 


hig! 


CS and UCS went off together. ET 
In an effort to eliminate what have iS to th 
ext rant 


Lope 
d. in Mm 


is 


wheel during this period, the C ^ 
on, and £ had to start the trial again. 


) to a 
5( j 
i ats, 1907 
Subjects. The Ss were 91 male albino fus house’ 
days old, of the Wistar strain. ‘They NT 


‘0 Ü 
t free access tO oul 
the animal colony and allowed free acce gri 


water. Seven of these rats constituted a 
that ri ved trials on which the Dues d ailu" 
the shock did not come on. Because of n p 
provide any data, no additional Ss e E 
condition. The other Ss were conditione 
0.5 ma., 1.0 ma., and 2.0 ma. in groups s 

Procedure. Many of the procedural det 
those of the first experiment. The S was P ario m 
apparatus for a 5- to 10. min. adaptation i inin ge 
7 administered 30 conditioning tr s 
intertrial interval of 30 sec. The 
separated by more than this pag oat 
wheel-turning. If .5 did not respond in 15* 
nated the trial and started a new ene E 
Following the training trials, 5 was eh at 
criterion of four successive trials on W hic the in 
did not occur within 15 sec. As in training: 


jm 
ale 


pom n (^ 
ails js uie 


ylacct qne? 


rishe‘ 


interval was 30 sec. 
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" assignme "s i 

wis done RS ae of Ss to experimental conditions 

al hee andom for the 0.2 ma., 0.5 ma., LO ma. 
- groups for squads of four Ss. The experi- 


mental desi 
resign. 
actori; ign, thus, was a treatments replications 


n ced 20 df in the prese 
Tevious experi mse as the most efficient one a 
z to anticipate p with avoidance learning data led 
sures, latet Posiva skewing on both response 
Dv ysis of variar amg resistance to extinction. Ordinary 
, action MUS is inapplicable to such data. The 
; the factorial e Spon which the error estimate is based 
e y normal EM however, tend to be more 

6s within p, heir distribution, even when the 

groups are skewed (2, p. 160. 


Re 
Suli 
Is and Discussion 
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^ ensity dune = performance to shock 
ems of a pug appears in Figure 2 
des 5 trials ines response latency on the 
“ved in th he measures in Figure 2 were 
VOS were = following way. First learning 
8 for arp based on median 
du Abpeared to in blocks of five. These 
Brou 8 the last ^a be asymptotic, or nearly 50, 
9. X, the foie blocks of trials. On this 
" als Were A latencies for these blocks 
blon, of these venge for each S and the 
0.9 d in Figure erigen median latencies was 
er. group 2 es Phe value plotted for the 
T of = is obviously underestimated 
"tsp 5 sec procedure of stopping a trial 
in ese Stati (criterion latency) without a 
Wi m the differences indicated 
h ES khu e An analysis of variance 
Sisto of 15 x 0.0 ma. group produced an 
Mey I Cant ER which, for 3 and 60 df, is 
han iis n the 001 level. Extinction 
dido Were es same four groups 0n the other 
of igit. A us ly variable and not significantly 
imp i 6 th yses of variance on the number 
er he extinction criterion and on the 
latencies 
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q Mance ne produced, in each case. 
Me, Mtensit SM ger than that for the effect ol 
Tes to un Such a failure for extinction 
h m ing iia differences obtained during 
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Ne hette ected fear, On, We SU, 
; Er performance of the Ss trained 
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Fic. 2. Response latency as a function of shock 


intensity. 


fear would persist into the extinction period 
and that resistance to extinction would be 
after conditioning with a strong 


greater 
The usual theorizing about avoidance 


shock. 
learning thus 
these extinction data. 


encounters difficulty in treating 
It may be that study- 
the extinction of avoidance responses 
means of arriving at a more 
t of the role of fear in the 


ing 
will provide a 
exact statemen 
mediation of behavior. 


SUMMARY 


The two reported in this 
paper investigated the responses of the white 
rat to electric shock of different intensities. 
The first experiment employed a psychophysi- 
cal method-of-limits procedure in which E 
observed presumably innate responses of ten 
rats lo shocks in the range from 0.0 ma. to 
Results in terms of “jump” and 
that the former in- 


experiments 


0.9 ma. 


“flinch” responses show | 

creases steadily with increasing shock in- 

tensity- The latter increases up tO about 

0.3 ma. and then decreases. Statistically 
(008) evidence for adapta- 


dependable (p < 
e shock W 


k threshok 
he experiment. 


tion t0 th as obtained by comparing 
mean shot is in the first em duseonid 


halves of t 
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In the second experiment, four groups of 21 
rats each were conditioned and extinguished in 
a wheel-turning, avoidance-training apparatus 
with a buzzer as the CS and a shock as the 
UCS. The shock intensities employed were 
0.2 ma., 0.5 ma., 1.0 ma., and 2.0 ma. An 
additional control group of seven rats re- 
ceived a series of trials without shock, but 
these Ss showed no evidence of learning. It 
was found that, during training, response 
latency decreased as a negatively accelerated 
function of shock intensity. During extinction, 
however, no Statistically significant residual 
effects remained. 


A. KIMBLE 
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TRAUMATIC 


AVI IC SIN 
VOIDANCE LEARNING: THE EFFECTS OF CS-US INTERVAL 


WITH A DELAYED-CONDITIONING PROCEDURE 


F. R. BRUSH, E. S. BRUSH, AND R. L. SOLOMON 


: Harvard 
"hougl 
h 
kaming ie phenomenon of avoidance 
es definite problems for theories 


carni : 
Parameters Serious attention to obvious 
he effects di been lacking. In particular, 
Ween the varying the time interval be- 
dn ne stimulus (signal) and 
ed stimulus (noxious, prepotent 


Slim 

ulus) | 

SY haw ` 3 

‘nknown, il been, until quite recently, 
rue, an early study by Warner 


) Show 
fe an d pis require more trials to 
"s al is ee criterion as the CS-US 
ihe retrained ased. But Warner's rats had 
Were in to escape from shock before 
troduced to the danger signal, 


Soa 
T Te not c i: B 
dance comparable with Ss in the usual 
arner Die too, 


platy 


training procedure. Then, 
several thee no analysis of extinction, 
* Sects of Eoretically important quantita- 
mins e onis were not. discussed. 
X ey experiment (1) represents 

aj "on analysis of the effects of CS- 
ex inetio characteristics of acquisition 

n of learned avoidance responses. 


i Used an ; » 
: He an intense traumatic shock as 
5, 10, 20, 


or our 
a CS 


ditioni 
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aintains until the U S is presented 
Avoidan i until the US is terminatec 
in, "Quir ce learning experiment this 
ts" CS a6 that the CS remain during the 


s interval and terminate when the 
periment 


the 


ted. 


hg 
5 procedure with 
Wal i ! 
Fu al in a delayed-condit 
irthermore, it seemed possible 


ant from the 
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lese; 
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ley p Cn was supported by a f 
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Undation and was f ed 
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University" 


that data bearing on these interesting questions 
might be obtained: (a) Is there good evidence 
of Pavlovian inhibition of delay in traumatic 
avoidance learning? (b) Since the delayed- 
conditioning procedure allows the CS to 
“bridge the gap" between CS onset and US 
onset, does it yield quicker acquisition of 
avoidance than does the trace-conditioning 
procedure, for identical CS-US intervals? 
(c) Since in the delayed-conditioning procedure 
the CS is terminated by the instrumental 
avoidance response, does it produce higher 
resistance to extinction than in the trace- 
conditioning procedure where the CS ter- 
minates arbitrarily? (d) Does CS termination 
in the delayed-conditioning procedure enter 
as a strong condition of reinforcement and 
thus tend to mitigate the effects of increasing 
the CS-US interval which were demonstrated 
by Kamin? 
METHOD 

Subjects 

The Ss were 85 mongrel dog: 
and water schedule, 
ing the experiment. 


S, maintained on an 
ad libitum food and in apparent 
good health duri 


Apparatus 
The apparat 
Mowrer-Miller s 
and Wynne (9, 
and Kamin (D. 
compartments separat 


modification of the 
by Solomon 
Wynne (8), 


us was the same 
huttlebox used prev 
Solomon, Kamin, and 
It consisted of two identically built 
ed by a barrier which was ad- 
ate hung above the barrier 


iously 


justable in height. A drop-s 
and could be lowered to rest upon it, thus separating 
ts completely. Above each com- 


the two compartmen 
t hung two 40v. 
id floor of the cor 
since the 
evious experime 


lights. The voltage applied 
mpartments varied slightly 
traumatizing procedure, 
nts, required that 
the highest subtetanizing current possible be used. This 
à s about 8 to 10 ma. for most Ss, and served 

1 of the raising of the 


The CS was composec 

aneous turning off of the lights 
ent occupied by S uw 
nd stand- 


partmen 
to the gri 
from dog to dog, 


standardized in pr 


current was 
as the US. 
drop-gate and the simult: 
directly above the compartm 
more ‘omplete description of the apparatus @ 
ard ] edures is aval able elsewhere (8, 9)- 


Design 
The experin 
of the effects of the 


for a direct test 


nental design provided 
There were six 


S-US parameter. 
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experimental groups, each treated identically except 
for the magnitude of the CS-US interval. The CS-US 
interval was held constant for a given 5, but different 
groups were trained with intervals of 2.5, 5, 10, 20, 40, 
and 80 sec., respectively. There were 30 Ss in the 10-sec. 
group; all other groups contained 11 Ss each. 


Procedure 


The barrier between the two compartments was set 
at the height of S’s back, and S was placed in one com- 
partment with the drop-gate down (closed). After a 
10-min. acclimation period, ten pretest trials were con- 
ducted, on each of which the CS alone was presented. 
The compound CS plunged 5 into relative darkness in 
ils own compartment and at the same time revealed 
the opposite compartment. If, after a 2-min. interval 
S had not jumped over the barrier into the other com- 
partment, the drop-gate was lowered and the lights 
were turned on. The next pretest trial was started after 
a I-min. interval, and so the time interval between CS 
presentations (trials) was 3 min. Ten pretest trials were 
given, to discover “jumpers” (Ss whose operant level 
for jumping over the barrier was greater than zero); 
persistent jumpers were not used in the experiment. 

Acquisition. On the day following the pretest, 
traumatic avoidance training was begun. After the 
usual 10-min. acclimation period in one compartment, 
the compound CS was presented; and after the appro- 
priate CS-US interval, the traumatic US (subtetanizing 
shock) was turned on. The CS and US remained on 
until S escaped from the electrified compartment by 
jumping into the opposite compartment, which was, 
at that moment, lighted and unelectrified. After the 
escape, the drop-gate was quickly lowered to prevent 
retracing. Thus, both CS and US were terminated by 
the escape response (jumping). The next trial was 
started 3 min. after the last presentation of the CS; 
there were ten trials each day. The procedure required 
S to jump back and forth between the two compart- 
ments, with the direction of the jump reversed on 
alternate trials. Thus, there was no safe place in the 
long ‘Tun; there was only a particular response which 
terminated the shock during the first few training trials. 
ITiS jumped at any time witha response latency shorter 
than the duration of the CS S intgrval, the CS was 
terminated and the shock was omitted; this was an 


TABLE 1 


Indices of Acquisition as a Function of the T 


Length 
of CS-US Interval 


i 7 
CS-US Interval (seconds) 


Index 
i— - $ 
| | 2.5 5 10 20 40 80 
Trial number of | M *4 ^ $6! SS] 6:0! ag 4.3 
first avoidance Mdn 6 6 5 5 1 
Trial number of M 15.7. 10,8 2.3 12.3 14.3 163 
last shock Mdn 12 " 12 12 12 16 
Number of M vk "ha 38 OL n3 40.2 
shocks received Mdn o ^ 7 9 m x 
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avoidance response, as contrasted with escape buo 
on trials where the response latency was fone 
the CS-US interval. Response laten s Sue i 
by stop watch to the nearest .1 sec. The criter a 
successful avoidance learning was ten avoidanc this 
ten successive trials on one day. After EP en 
criterion, S was never shocked to induce jumping the’ 
if its latencies lengthened beyond the magnitude 
CS-US interval used in its training. scribed it 
Extinction, The extinction procedures descr used- 
detail by Solomon, Kamin, and Wynne (8) d ctr 
All 85 dogs, after they had met the acquis! ine 
terion, were randomly assigned to one of two e D 
tinction groups: the long, regular extinction ves 
the short, regular extinction group. The Ss in nlar ef 
group received only one day (10 trials) of x hile 5 
tinction after meeting the 10/10 criterion, f reguli 
in the long group received 20 days (200 trials) © merely 
extinction. The regular extinction procedure 
presented .5 with the CS and did not t 
shocked for not quickly jumping, i.e., shoc! ; di 
ment was omitted. If an .S in the short Ero ctio 
stop jumping after its one day of regular ex aci 
was subjected to special procedures designet 
late extinction; in the long group, special P 
were instituted if 5 failed to extinguish pga i 
of the regular extinction procedure. The FE 
cedures were: (a) shock extinction —S jumped p 
if it jumped at all, and (b) glass-barricr f le By S 
was prevented from jumping on some tras d 


a 
mp? 
s ol 


nfor! 


3 
u^ 
linet! a the 


ials 


combined special procedure, nes 
was declared a “failure to extinguish 


* R " f nin. 
was arbitrarily defined as a latency of 2 n 


RESULTS 

Acquisition jr jd 

The number of training trials uc D 
achieve the first avoidance response. — s 
avoidance response is theoretically IE t » 
because it is the first jump made p: oiv 
presence of the CS without the ist i 
presence of the US. In Table 1 are requi 
mean and median of training trials se fot, 
to produce the first avoidance Respon a ol 
CS-US interval groups. lt is clear sal " 
80-sec. group represents a sharp "i? es 
a trend in which the learning inde. TN 
as the CS-US interval increases. me ul 
significant nonlinear regression (p 
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from 2,5 b 
e i sid but a negligible linear 
the emergence " ce CS-US interval on 
is, therefore a the first avoidance response 
he se e ght but detectable. 
Teach the last sh af (ramming trials required lo 
trial is the i hock (escape) trial. The last shock 
arks on its = sape response before 5 em- 
tial on wid. criterion trials. Tt is thus the 
Ween escap a the sequential variation be- 
nates, Tq ^ à and avoidance responses termi- 
taining a index of the difficulty S has in 
edian dirae avoidance. The mean and 
l al of trials required to attain 
‘Spt are listed in Table 1 for 
d (p y Sm m l'here isa significant 
5 sec. to 80 s ») for the index to increase 
a Sharp revers, sec. The 2.5-sec. group gives 
{USE this p tsal of the trend, probably be- 
logica ier is being pushed to its physi- 
"Sbona it in maintaining consistent. short 
The latencies, 
wins Spic of shocks required before S al- 
a Visa Nia criterion. Since there nor- 
n; Cape ie MEE of sequential variations 
tea ing, the avoidance responses during 
is the Ja number of trials required to 
the Tüh shock trial is not equivalent 
Th ber of shocks S receives during 
brig tac age rien index miy be 
Pm sapa ie feque WE he e 
The P ment i a is required in the es 
LN nean consistent avoidance responses. 
“ire hl median numbers of shocks 
WT "S Teri are listed in Table 1 for 
S for vals. There is à general tend- 
) shocks at the longer 
nonlinear 


lin 
, ear 
iro tren 


ol 


. slong 
S are signif : S 
No) Te significant (linear: 05 > Pp? 


inear: 5 
ite per p < 00, indica the 
me groups (2.5 80 sec.) 


M 3 y 
ey, ng from a linear trend. It 1$ clear, 
le of the 


tee CT, tha 
le is € t the absolute magnitu 
ot as P " 
1 ble. t very great, though certainly 


ley 
D 

"s 
lh Donge 
‘all : ate 


"dle 
enci 

e es 

“lable 4 escape responses. There were no 
à ifferences between mean escape 

-US groups. 


ncies ; do asd 
cies across the six CS 
lecreased 


Dig), STOup 

> S 2 

n ‘ toca the escape latencies ; 

Preseng point where S rarely remained in 

fe . de : ^ d 

"sp ! Jum Bt shock for more than 5.0 sec. 
i ) x E^ : 
ii Ding. For the last three escape 


be quis 
fore meeting the acquisition 


t3 
o6 
ES] 


TABLE 2 
Latencies of Jumping Responses in Seconds at 
Various Stages in Avoidance Learning, as a i 
Function of CS-US Interval ‘ 


CS-US Interval (seconds) 


Latencies ze 


On trial before M aa] na) Tt 

first avoidance Mdn 8 26) 2.5 3.2 
On first avoid- M 2.4 6.2| 48 12. 11.2 
Mdn) 24| &4| 51| 2:8] 10. 9.2 


ance trial 


On first ten trials M on] Qa 4.2) 54 
after last shock | Mdn | 1.6 2.1 28| 3.8 

On twentieth day M 2,2 18| 1.9 8.0 
of regular ex- Mdn 17 1.0) 18 3.6 
tinction* 

Difference be- M —0.5 +1.1 


tween last Mdn —0.2 +0.7 


shock trial and 
first. criterion 
trial | 


were carried through 


group 
ral tendency. 


* Not enough dogs in the 55 
to warrant measures of cent 


200 extinction trials 


jan escape latencies varied 
to 3.5 sec. across groups, 
able trend from short 


criterion, the med 
only from 1.8 sec. 


and there was no detect 
to long CS-US intervals. The median escape 


latencies on the trial preceding the first avoid- 
ance response ranged from 2.5 sec. to 4.8 sec., 
with no consistent trend across CS-US in- 
tervals. These are shown in Table 2. 

Lalencies of the first avoidance response. 
This measure may be taken as an index of the 
effectiveness of 


the CS in arousing à jumping 
response without the action of the US and in 
the absence of any prior avoidance experience. 
The mean and median response | 


atencies for 
the first avoidance response are listed in Table 
2, asa functio 


n of CS-US interval. There is a 
d . the latencies O 


f response are 
ter CS-US interval groups 
nd nonlinear trend is 01). 
zig. 1.) The latency of the first avoidance 
though taking place without the 
f coexistent shock, reflects the condi- 
hich CS and US were paired on 


(p for poth linear @ 


training i 


ses of avoidances on the criterion trials. 


avoidance response 


The mean and median @ 
latencies for all ten criterion irials are listed 
arable The values are clearly an orderly 
m a " 
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ECONDS 
a @ o 


E 


MEAN LATENCY IN S 
Ds] 


5 10" 2o" 40" 80" 
CS-US INTERVAL 
Fic. 1. The mean latency of the first avoidance 


response as a function of the CS-US interval used in 
avoidance training. 


function of the CS-US interval; in general, 
the achievement of the avoidance learning 
criterion is accomplished. with responses of 
longer latency for the longer CS-US interval 
groups (5 for both linear and nonlinear trend 
is .01). 

The absolute difference. in response lalency 
between the last shock trial and the first criterion 
avoidance trial. On the last escape (shock) 
trial S responds only after the US has been 
presented, and the escape response latency is 
the time that elapses between US onset and 
the jumping response. On the very next trial, 
S embarks on its criterion avoidances, and its 
response latency on such trials is the time 
elapsing between CS onset and the jumping 
Tesponse. The absolute differences between 
the response latency characteristics of these 
two adjacent trials reveal the extent to which 
the response to the US is of the same order of 
magnitude as the response to the CS alone. 
These differences are listed in Table 2 asa 
function of CS-US interval. The values clearly 
indicate that the latency characteristics of 
the first criterion avoidance trial cannot be 
perfectly predicted by the escape response 
latencies of the last shock trial, In general, 
the longer the CS-US interval, the greater 
the discrepancy between the two latencies, 
However, it is clear that the avoidance re- 
sponse latencies are much more accurately 
predicted by a knowledge of the escape latency 
on the last shock trial than by the magnitude 


of the CS-US interval used in training. For 


@ 


a 


^ 


m 


MEAN LATENCY IN SECONDS 


-20 

-5 6-10 IK5 !6 OC 

TRIALS AFTER LAST SHO” 

idance respo", 

Fic. 2. The mean latency of avoidance trial 

on the first 20 trials following the Jah meters 
CS-US interval used in training is the para 

point represents the mean of five trials. 


— rà 
example, with a 20-sec, CS-US d rial 
mean escape latency of the last sne aten? 
was 4.4 sec., and the mean avoidance - see 
of the first criterion avoidance was > 


Extinction ace 
è [u 


art 


a 


ex 


lion group the differences nee sm 
sponse latencies of the CS-US groups and it 
after 200 regular extinction trinis, at cle 
only the 40-sec. and 80-sec. groups ! i TUM 
show the effects of the differentia aped 
conditions. There were no signs of i! shor! 
cessation of responding in either the 
long extinction groups. _ 

Behavior during the shock — ring’ 
After the dogs failed to extinguish S ie 30 
and long regular extinction proce¢ 


z er 
tion Pot! 
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Were ; 
shock E- os to shock for jumping—the 
reliable differ on procedure. There were no 
liresistance "—— among the CS-US groups 
thete is some : shock extinction. Nevertheless, 
fe. and RO ec endency for the Ss in the 2.5- 
tinction, ao to be more prone to 
Not very su general, shock extinction was 

ccessful in eliminating the jumping 


"spor 

nse, ot 

Suisheq hs per cent of all Ss extin- 
animals f he immediate effect of shocking 


P Eos was a decrease in response 
on the first setae, it usually did so 
? jump bita 2 s trials; otherwise, 5 continued 
encies sho. Hes for 100 trials, with response 
orler than those observed during 
“tinction 1 extinction procedure! Thus, 
: brought about by a shock deterrent 
àn all-or-none affair. 
during (he glass-barrier extinction 
uu iE Ss were subjected to the 
ee Te after re extinction pro- 
tinction tri hey had received their regular 
Onships ials. There were no orderly re- 
i CS-US interval and 


îtencies, 


ilea 
N pri procedure was à lengthen- 
loin L3 Cre latencies (across all CS-US 
M nd ndm a not extinguishing showed 
ting; an x at the end of these extinction 

t ! they had during the regular ex 


n 
E» trials, 
lion tior 


"on 
Dar; 
äriso 
NOn dS 
tween Our. Delayed-Conditi 
Several Indices © 


Index $ 

Delay Trace 

NU sho 8t avoj è 
L Mie É f e response 5.6 4.5 
Nene, 9f sh 10.8 | 9-4 
Meo Aey gp Socks ; E ja 
“an p Of first; S received 7.2 6.5 
‘toep hey ut voidance (seconds) 3.5 | 30 

Ck (gen7 Of five trials after last 2.7 24 


Seconds) 


TABLE 3 


oning Procedure and K 


{ Learning for M 
(All values ar 
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barrier extinction were treated with a com- 
bination of the two; on some trials they were 
shocked for jumping, and on the others they 
were prevented from jumping by the glass bar- 
rier. There were no significant differences in 
resistance to extinction in the combined pro- 
cedure across CS-US intervals. The Ss that 
had the glass-barrier procedure prior to the 
combined procedure extinguished more easily 
in the four longest CS-US interval groups than 
did Ss that had received the shock extinction 


treatment. 


Emotionality 


During acquisition. All Ss in all groups 
showed conditioned emotional reactions to the 
CS on trials prior to the appearance of the 
These emotional 


first avoidance response. 
reactions included vocalization, defecation, 
urination, shivering, tensing, gasping, or 


inhibition of panting. There appeared to be 
more continued agitation in the long CS-US 
groups, during the intertrial waiting periods, 
than in the short CS-US groups. Vomiting and 
retching, when it occurred, was seen only in 
the 20-, 40-, and 80-sec. groups. Such qualita- 


ervations must be interpreted with 


tive obs 
o the observations 


care, but they are similar t 


made by Kamin (1). 
During regular extinction. All Ss gradually 


med down after learning to avoid the US. 
Vocalization, defecation, urination, trembling, 
and drooling tended to decrease in frequency 
and intensity, according to our recorded proto- 
cols. Panting tended to persist, even after 200 
regular extinction trials, in all CS-US groups. 


cal 


amin's Trace-Conditioning Procedure for 
atched CS-US Intervals 
e means) 


csUs Interval (seconds? 


10 20 m 

odas | Trace | Delay Trace | Delay | Trace 
5.5 5 6.0 6.9 8.8 
12.3 5:6: | 12. 25.8 | Ma 
sa | moj 94 18.7 | 11.5 
63 3 ag | 9.2 | 124 
3.6 4.0 5.2 6.7 14 
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Resistance to being placed in the apparatus 
by E decreased markedly. 


Comparison of Delay and Trace Procedures 


The comparison of our results, derived from 
a delayed-conditioning procedure, with those 
of Kamin, derived from a trace-conditioning 
Procedure, is not as straightforward as we 
might like. There were minor procedural differ- 
ences which make the comparison only an 
approximation. In the first place, Kamin 
used an auditory CS; we used a compound 
visual and auditory CS. Secondly, Kamin 
allowed free responding and did not prevent 
retracing. Despite these differences, we 
strongly feel that the comparison is worth 
while, that the minor procedural differences 
will not invalidate our interpretation of the 
data to an appreciable extent. 

Kamin used four CS-US intervals; we have 
matched our appropriate groups with his for 
5, 10, 20, and 40 sec., respectively. In Table 3 
are listed the more important indices of be- 
havior during acquisition for our delay and 
his trace Procedures, Two facis stand out. 
First, in every case the CS-US interv 
highly significant determinant of th 
tude of the index in both 


al was a 
e magni- 
procedures, Secondly, 
a significant interaction 


received and 


mean number of shocks required to 


achieve the avoidance learning criterion, 
These significant interactions arose because 
the CS-US interval, as it increased in magni- 
tude, caused a relatively greater hindrance to 
learning in the ‘race-conditioning procedure. 
In using the delayed-conditioning procedure, 
the effects of lengthening the CS-US interval 
were “flattened out” and mitigated. 

In our experiment we obtained no cessation 
of jumping to the CS when we used the 
regular extinction procedure for 200 trials, 
This is in marked contrast to. Kamin’s find- 
ings, since he observed fairly rapid extinction 
of jumping for his 20- and 40-sec. groups. Half 
his 5-sec. group and 20 per cent of his 10-sec. 


group failed to extinguish in 100 trials. Kamin’s 
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s jon 
, ctinction 
5- and 10-sec. dogs, during regular ext 


: a 
i ies for 2 
procedures, showed decreasing un cd 
few trials after meeting his nra ot 
terion, and then latencies began as 
ri 
In the 20- and 40-sec. groups the lenglhen- 
shortening of latencies; instead, the 5 but in 
ing of latencies was quite qoem was 
the 5- and 10-sec. groups, the increa 
gradual and slow. 


DISCUSSION i 
The results of this experiment HUS à 
terpreted with some success in ni 
modified two-process theory of sited i 
learning. This theory has been ee is de 
detail in previous papers (8, 9, HB nm (2): 
rived from the formulations of Mi 
Mowrer (3), and Schlosberg (7). uisiti 
We assume two processes in the iet £ 
of avoidance, One, Pavlovian sm e i 
underlies the development of ondiko en jct 
tional reactions. The empirical laws 0 dso "m 
conditioning apply to this process, x be: w 
three most important variables won (hê 
the magnitude of the CS-US interva ^ oily of 
intensity of the US, and (c) the inte! gi ue 
vividness of the CS. The developmen Nd 
conditioned emotional reactions (in emp? 
anxiety reactions) depends upon the e re jut 
pairing of CS onset and US onset. pesca T P 
tion is assumed not to affect this pn ri 
Second process, in contrast, emphasis je of 
reduction or relief, and it underlies jamt, 
velopment of the learned instrument? jum 
ing responses. The reinforcement of we y ro" 
ing response is assumed to stem direc! ^ erm! 


; : "we ef the 
and (c) the intensity or vividness of inc 
The two processes are 


U 
:dant 
; A poida! y 
pendently manipulable, but during av th 


" hen ^, 
training they become highly related whe" ie 


thought to be 


conditioned emotional] r 
CS becomes intense 


i i + ive pro! 
internal stimulus pattern having drive I jme! 
ties. Such response-produced drive 5 rhe 
can be terminated by 


the removal ue 
eliciting CS by appropriate instrumenta 


7 «stad bY 
eaction elicited an 


e 
uc r^ 
enough to prod se! 


po to Uns analysis, the first avoid- 
iited by Wo when the anxiety reaction 
Similar fe ne E S is intense enough to be 
Y the US Ph, a pain-fear reaction elicited 
Sin the E S is motivated to jump to the 
lynne (9) bs bsence of shock. Solomon and 
ton of avos x their detailed analysis of acquist- 
Y the Des ance, postulated that the latency 
Poundin, St avoidance response was a com- 
heane two latencies: (a) the latency of 
© about Y reaction to the CS was thought to 
"ping ven sec.; and (b) the latency of the 
© about toin to a stimulus was thought to 
ar sec., giving a total latency of 
i ees Conveniently enough, the 
EM cy of the first avoidance response 

i this oe for Solomon and Wynne's dogs, 
5 ji, Chet led them to predict that 
er dm, value would be a constant, no 
atter h the CS-US interval might be and 

C the fi ow many trials it required to pro- 
jm our = avoidance. Of course, the data 
ae e poti invalidate this prediction 
P lere avoidance latencies lengthened 
© cong ane CS-US intervals. Evidently, 
"litioned emotional reaction to the cs 


Jec "uf 
aclor f t to some sort of inhibition-of-delay 


out 
Median 


= 
EB 


S E 
TÈ 


th, T like tha l 
i mhi * that described by Pavlov. However, 
à 9 , : 7 
an lory factor is not strong, or else we 


latencies t0 


Jj 
ch ~ T . 
^W Ti the magnitude of the CS-US im- 
onc he effective intensity of the anxiety 
sq must increase rapidly after the CS 


lue of drive 


n Uc d 
qv E long before the end of the CS-US 
Wü 7 However, the number of irials re- 


jens ye Bnsipty reaction to acquire this 
val, is, in turn, a function of CS-US 
ur 5 
K aadings refute a signal-switching in- 
vli AT of avoidance acquisition. The 
NI PR latencies con. ihe trial just PE 
Tala € first avoidance response woulc 
AIT a first avoidance latency of about 


Dor Se for all CS-US groups if the jumping 
ha tol |. ere merely being switched. from the 
i ead * the US to the control of the CS. 
m of cst avoidance latencies were a func- 
Meer CS.US interval, and were generally 
q O r than 3 to 5 sec- 

LS delayed-conditioning procedure pro- 
Mey | Approximately the same first avoidance 
“les for each cS-US group as did Kamin's 
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trace-conditioning procedure. This means 
that CS duration cannot be very important 
in determining the characteristics of the first 
avoidance response; rather, the time interval 
between CS onset and US onset must be the 
ruling factor. 

At first glance, one might attribute any 
differences between the trace and delay pro- 
cedures to the "bridging-the-gap" function of 
the persisting CS in the delayed-conditioning 
procedure. This, however, is probably not a 
good interpretation, because the mean trial 
of the first avoidance response and the first 
avoidance mean latency reveal no significant 
differences between the two training proce- 
dures. If the persisting CS in the delay pro- 
cedure were serving to facilitate the establish- 
ment of some sort oi "associative bond" 
between CS and US, we would expect the 
first avoidance response io appear earlier in 
training, and with shorter latency than it 
would in the trace procedure. This was not so. 
Therefore, the main effect of the persisling 
CS must be due to its conditions of termination. 
In the delay procedure CS termination is 
contiguous with the jumping response, and 
the reinforcing effect should be optimal. This 
interpretation agrees with the findings of 
Mowrer and Lamoreaux (5). 

Once the first avoidance response has oc- 
curred, the action of reinforcement through 
CS termination and anxiety reduction should 
become very important in maintaining short 
latency responses. This means that CS dura- 
tion should be a critical factor in determining 
how quickly the learning criterion 1s achieved. 
A comparison of the trace and delay procedures 
does not invalidate this assumption. The 
trace procedure required more shocks and more 
to reach criterion than did the delay 
and this difference increased as 
rval increased. In the trace pro- 
the 3-sec. group had response 
latencies short enough to enable the jumping 
responses t9 receive the benefit of simultaneous 
cs termination, while all of the delay pro- 
cedure groups received this benefit. Thus, the 
effect of lengthening the CS-US interval is 
detrimental for the trace-condi- 
than for the delay-conditioned 
This holds for all indices except, of 
he first avoidance-trial characteristics. 
nent is tenable, we would expect 


trials 
procedure; 

(CS-US inte 
cedure only 


groups. 
course, t 
1f our argum 
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even larger differences between the two train- 


extinction termination, 
unless the latency happens to be less than 2 
sec., while for the delay-conditioned S, each 
jump is directly followed by CS termination, 
e jump latency happens 
on between our extinc- 
of Kamin support this 
procedure shows ex- 
to regular extinction 
procedures, Thus, CS onset may be critical 
ioned emotional 
t emergence of 


» While CS termi- 
nation may be Critical for the reinforcement 


and development of instrumenta] avoidance 
Tesponses and the attainment of the avoidance 
learning criterion, This interpretation is 
derived from Mowrer (3) and fits very well 
the Tecently published data of Mowrer and 
Solomon (6) and Mowrer and Aiken (4), 

There is, however, 
fit the theoretical argument very 
is a puzzler, The response 
regular extinction decreased 
Conditioning experiment, but each CS. 
group approached a different latency asymp- 
lote. Figure 2 leaves little doubt about this, 
Yet, since all groups are Teceiving the re- 
inforcing effects stemming from CS termina- 
tion after each jump, 
groups to converge upon 
asymptote. This 
2 sec. One might argue 


well, and it 
latencies during 
in our delayed- 


S 


ar extinction trials, we see the latency 
€ still differen; across CS-US groups, 


might be that 
CS lermination Produces less anxiety reduc- 
lion in the long CS-US groups because these 
5s are less anxious, This was not so, however, 
judging from Our protocols, While anxiety 
manifestations were more of the “gastric 
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trasted 
type” in the long CS-US eae 
with more of the "lower gut type ae obvio: 
CS-US groups, there seemed to be Then, (0 
differences in intensity. of upset. re shock 
the long CS-US dogs received Ur to sho 
during training, and so they mid than the 
Stronger conditioned emotionali A the di er 
short CS-US dogs. Yet, to say vane acto 
ential latency-of-jump aD ion gfpdeii 
groups reflects a Pavlovian mii 
process does not explain the mons we 
addition, there is no particular fea b predic 
Process theory which ra aei Fon a 
this phenomenon. Pavlovian conditioning 
delay should apply to classical i o appl 
emotional reactions. Should it als 
instrumental learning? 


SUMMARY i 


vedur? 

The delayed-conditioning is oe ast 
traumatic avoidance training P aione r] 
learning than does the n e inter ie 
cedure, across a wide range of ( ae re a 
The delayed-conditioning ages ave ud 
fewer shocks to produce the A: reac! 3 
response, requires fewer trials j pro } 
avoidance learning criterion, ins does 
greater resistance to extinction i | superi? al 
trace-conditioning procedure. dde inte" is 
increases with magnitude of Ger respon“ or 
The latency of the first Se aa E" 
greater as CS-US interval is in cedure ce 
both the delay and trace M oii res? n 
addition, the asymptotic avoidanc ent 9 ps 
latencies which follow the y di oae 4 . 
learning criterion are longer for ole te 
intervals; the similarity of these oe jg noe a 
Pavlovian inhibition-of-delay are jn 
The quantitative features of ae n ? 
Suggest that, in traumatic vius ct anx gn 
the initial development of condition | je 
depends heavily on the time i niet "i 
CS onset and US onset, while the EM. $ ep? 
ing of the learned avoidance response ier" 
heavily on the Conditions of the CS 
lion. 


ri 
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FEEDING METHOD, BODY WEIGHT, A 


ND PERFORMANCE 


IN INSTRUMENTAL LEARNING 


CHARLES K. RAMOND? PETER L, 


CARLTON, axp WALLACE R. MCALLISTER? 


State Universit y of Lowa 


Much learning theory is built upon inter- 
experimental comparisons of the behavior of 
hungry rats, where hunger is defined, sup- 
posedly unambiguously, as time of deprivation 
(To), or number of hours since a feeding 
period (e.g., 3). During this feeding period, 
however, some experimenters (6, 7, 9, 10, 
11, 14) have given each rat a limited amount 
of food to eat, while other experimenters (8, 
12, 13, 15) have allowed each rat to eat as 
much as it could in a limited time. That these 
two feeding methods have equivalent effects 
upon behavior is an assumption implicit in 
many of the above-mentioned 
mental comparisons and one whi 
count for the surprisingly 
investigators. who have r 
which, if either, of these 
employed. The pur] 


interexperi- 
ch may ac- 
large number of 
neglected to state 
feeding methods was 
pose of the present study 
was to evaluate this assumption of equivalence 
by comparing the effects of the “limited 
amount” (LA) and “limited time” (LT) pro- 
cedures upon resulting changes in body weight 
and subsequent performance in a simple in- 
Strumental learning Situation. 


METHOD 
Subjects 


The Ss were 32 hooded rats, 15 male and 17 female, 
from the colony of the Towa Psychological Laboratory. 
All were experimentally naive and between 90 and 120 
days of age at the Start of the experiment. Seven males 
and 9 females constituted the limited amount (LA) 


group, while 8 males and & females comprised 
limited time (LT) group. 


the 


Procedure 


All Ss fed ad libitum frc 
the experiment began. 
from ad libitum feeding, each S was w 
Sargent Ohaus balance 
individual feeding 
period. Thereafter, 
atel 


om birth until the d. 


ay before 
Twenty-four hours 


after removal 
veighed on a 
“type scale, and put into an 
Cage for its first (day 1) feedi g 
each | weighed daily immedi 
prior to being fed. Each § in the LA group found 
in its feeding cage 8 Em. of dry Purina Laboratory 
Chow, while each LT S found 25 gm. of the food. All 
feeding cages were fitted With solid. plywood bottoms 
so that uneaten food could he saved and weighed. The 


! Now with the United Stat 
? Now at Syracuse Univer: 


Army. 


p. were 

, s we 
z in. after which 5 zd 

feeding period lasted 50 min., ater Ro Water Y 
returned to their individual living cages. cali 


h 
always available—in the feeding di os cages 
brated J-shaped drinking tubes and in bi ae Unea 
from ordinary tube-stopper drinking T the te! i 
food was weighed following S’s removal timated foe 
ing cages, and volume of water drunk est cedure ia 
the new level in the drinking tube. ‘T his pde of the 
Tepeated for 37 days, thus giving a daily ven prior i 
following measures: body weight immedia ding perit 
cating, amount eaten during the 50-min. ae pe i 
and amount drunk during the 50-min. feele diffe 

For the first 10 days. there was no appre TT group? 
ence in the cating behavior of the LA anc 


8g 


rU 


8 ai he fu 
Since most of the LA Ss were not eating th 

hence were, with the LT. 
b; 


x and 
» limited by “time n, qo 


jr, UM 
"amount." After the tenth day, puse in 
ding methods became effectively a the P, m 
each LA S completed eating its 8 gm. whi (hei E 
of course, could only eat a fraction of to in 
allowance, By day 30, LA rats were able 
gm. in less than 20 min. 
Feeding periods for all groups began A 
hour each day until day 22, when the m 
LT males had their feeding times nost, f 
and 15 hr, respectively, and the time Wm HE 
the LA females and LT females was ane we ning 
! nd 1!j hr, 


ge 


2 


» respectively, These c 


ar! 
i instrumental Ie uad* 
fected in preparation for the instru smaller 9 
trials, which required running the Ss in s " 
and at different hours of the day. 


. tra 
vacua E jl 
: p eliminary . 9 
On days 28 and 29, Ss were given prel ia a 
ing in an apparatus designed to measure 2 


3 Sow t can 
a learned running response (described b se Kn 
day 30, training proper of the running resi run UP. 
and continued until day 37. All Ss bs laste“ ily 
22-hr. deprivation, Each training se € the ae 
proximately 1 hr., following which Ed all 5$ we 
weighing and feeding period. On day 38, AN 


ing * “eh 
returned to ad libitum feeding by introduce a 
quantity of dry Chow into their living xm for $ 
S continued to be weighed at the same hou 
more days, 


Apparatus 


formant, 

The apparatus used to measure periors gi B 
instrumental learning was a modification Sed is 
lar type of Skinner box which has been desen ang ij 
where (6, 7. 9, 10). It consisted of a small, salis 8% 
response chamber with flat-black, plywood. v S 
a brass floor. A starting alley led into the fro "T 
through an outer metal door and an inner door € aad 


jl 
A brass bar could be presented 4 in. through à vel P 
g the glass door stå ai ^ 
By ing the bo be. 
completed a low-ampere contact relay circuit (* of 


eure 
and the bar, Clost 
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this circu 
fired Hie the timer, retracted the bar, and 
later, a .08- er Decade Interval Timer (5). One second 
Situated ER Pellet of food dropped into a food cup 
Wie ton below where the bar had been. A 1000- 
Pellet and e nded concurrently with the release of the 
bod. The je turned off manually after S obtained the 
"sistant oe a was situated in a dark, sound- 
€ food ey y: j shielded 7-w. bulb was located above 
P; the total illumination level in the response 


Dam], 
Der Was 
"R S SI n 
YE uch that the food cup could not be seen 
light 


Nor, pr 
esumably OS BAS 
twas on. y, by S) unless the 7-w. 


on day 
e T aan EN day 29, each S received 1 hr. 
lsh Oratory hens in order to eliminate irrelevant 
eso PE Second ST during learning, and to estab- 
Sele tone ka reinforcing properties ol the 1000- 
cha inary wi bar was never present during this 
ih her With eis hh S was placed in the response 
* food a e light on and a pellet of mash 
was faci Marky: seconds after 5 obtained this 
Ted, Rim "ng the food cup, another pellet was 
~The tone edlen by the sound of the 1000-cycle 
tive, PE pellet turned off after S appeared to have 
Wag aproxi In this manner 6 more pellets were 
ved WIS 30-5 intervals, whereupon 5 
off, "elimina rom the apparatus until the following 
ary training thus cor isted of the receipt 
z 4 food, 7 per day. 
" Fs proper began the day after preliminary 
È dae ricil every day thereafter for a total 
and t n each trial, s placed in the start- 
‘Sponge ERE metal door raised as soon as e 1 
Thee Permit hamber; 3 sec. later the s door was 
time bet ting entrance into the response chamber. 
a with Ween the raising of the glass door and S’s 
ium N each aie bar was recorded to the nearest D 
Ne Nate rial. A total of 72 trials was administerec 
of 4 per day for the first three day and 12 


Dey 
3 ar thes 
n, eafter, The average intertrial inter al was 


aliove i 


ey 


RESULTS 
e body weight 


Da; 
ail 
fy cha P 
a hanges in mean absolut 
The 


Ero A Bs aa 
ups are depicted in Figure 1. 


EEE 


pubes: 


7^-"(WWTED TIME 


LIMITED. 
AMOUNT 


ed 


SPRABESSPS 


"eq, 
s, FEMALES LIMITED TIME enna 
, reas LIMITED AMOUNT 
n Leica ooo 
ee nee 9 o gO m 
W DAYS 
of Pig — 
"e an body his as a function 
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MEAN PER CENT ORIGINAL (DAY I) BOOYWEIGHT 


20 25 3 
DAYS 


Fic. 2. Daily group mean percentages of original 
a function of feeding method and sex. 


35/5520 45 


body weight as 


TABLE 1 
Group Mean Body Weight Measures 


Feeding 


Maasure Sfethod Males | Females 

Mean body weight Days LA 280.07 174.12 
1-8 LT 278.89 ` 172.14 
Mean body weight Days LA 222.41. 169.73 
30-37 LT 274.25 180.46 
Mean ‘¢ original body LA 76.34 91.82 
LT 94.14 101.44 


weight Days 30 37 


expressed in terms of percentage 
1) body weight are shown in 
graphs were plotted day by 
day during the experiment, and day 28 was 
chosen for the beginning of preliminary train- 
ing in instrumental learning because body 
weights seemed to be approaching stable 
values at that point. 

The following mean body-weight measures 
were computed for each S: (a) mean absolute 
body weight, days 1 to 8; (b) mean absolute 
body weight, days 30 to 37; (c) mean per- 
centage of or il body weight, days 30 to 
37. Group averages of these means (in gm.) 
are shown in Table 1. 

Statistical analysis indicated that the mean 
LA-LT body weight difference during days 
1 to 8 was insignificant. By days 30 to 37, 
however, there were significant differences 
able 2) between all pairs of groups but 


same changes 
of original (day 
Figure 2. These 


igina 


(see T: D 
one, in both. mean absolute body weight and 
iginal body weight. These 


entage or! 
re more meaningfully evaluated 


s because an initial 2 X 2 
vielded a significant sex by- 
interaction in both the ab- 


mean perc! 
differences We 
by individual i 
i analysi 


factorial 


feeding-method 
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TABLE 2 
Values oí t Based on Differences Between Group Body 
Weight Means, Davs 30-37 


im er Cent Original 
Absolute Body Weight | Per Cent Original 


Body Weight 
Group ape 21 de 
€—— d" 
LT-M| LA-F | LT-F | LTM] 1 LT-t 
LA-M  6.62* 6.91*| § *10.53*.11.26* 14.88* 
LT-M 14.21*/12.39* 40 | 4.51* 
LA 


MF 1.46 4. 


L - i 


Significant beyond the 001 level, 


9r 


— —* MALE 
LIMITED AMOUNT FEMALE. 


*----* MALE 
9777-9 FEMALE 


LIMITED TIME 


MEAN SPEED (RECIPROCAL LATENCY) 


234567690 ao 

BLOCKS OF FouR TRIALS 
Fic. 3. Group mean speeds (r 
in a simple instrument. 
tion of feeding method 


1415 16 17 18 


eciprocal latencies) 


al learning Situation as a func- 


l and sex, 


solute (F = 5.21, 5 < .05) and percentage 
(F = 36.31, p < -001) weight measures. The 
two most important findings which may be 
abstracted from these analyses are: (a) LA 
males dropped to a significantly lower weight 
than did LT males, but there Was no signifi- 
cant difference in final weight between LA 
females and LT females; and (b) although both 
LT groups retained a significantly larger per- 
centage of their original body weight than did 
the corresponding LA groups, this superiority 
of the LT method was significantly greater for 


males than for females (as indicated by the 
above-mentioned significant sex-by-feeding- 
method interaction 


in the percentage weight 
measure), 


Of the LT groups, males ate significantly 
more per day during days 30 to 37 than did 
females (/ = 5.67, P < .001). Group means 
were 12.73 gm/day and 9.86 gm/day, re- 
spectivelv. (Both LA Eroups, of course, ate 
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ent 

their total ration of 8 gm, day.) Md 
of amount of water drunk daring, hes hence 
period proved unreliable due to go 
no analyses of this factor were under for the 

Group mean performance cumes hown in 
instrumental learning situation are all trials 
Figure 3. A mean running speed OVER rages ? 
was calculated for each S; group ia the 
these means are shown in Table 3. de spee 
case of the body weight measures, feeding 
Scores revealed a significant sex Dy g; ot 
method interaction (F = 6.12, p < "analyzed 
sequently, group differences were Table * 
by the individual / tests shown eed here 5 
The most important result to be not @ 0) 
that LA males ran significantly faster a no 
than did LT males, whereas qve die 
Significant difference (p > .50) ore als 
speeds of LA and LT females. It w an aste" 
noted that of the LA groups, males m he 
than. females, but among the LT ee tha? 
reverse was true—females ran fas 
males. a 

Correlations calculated between pe ' 
of body Weight, speed, and amount pee jable- 
as might be expected, generally kr group 
The r's between measures of a pe? of o 
based as they were on 7, 8, or 9 pe nifica : 
Servations, were variable and not ri " p 
Correlations between measures of rerit li | 
either inflated or depressed by the ox melo 
ferences between sexes and feeding cil de 
groups. For example: (a) the RU i eate” 
tions, for days 30 to 37, between ee were 
and mean percentage of original welg 


sure? 


TABLE 3 . 
Group Speed Means, All Trials 


Female 
Feeding Method Males 
ET BE E 578+ 
m ofe 
LT | i 5 
od 
TABLE 4 gpe* 


» TS 
Values of / Based on Differences Between Groul 
Means, All Trials 


= à iT 
Group LT-M LA-F : 

Z 2 

3.68** 1.58 bas 

2.19* Ten 


> Significant; beyond the os level, 
** Significant beyond the 01 level 
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Aj zë 

rte ba od males and females, re- 
oth LT phe MUR combined correlation for 
lions, for Cheap apu (b) group correla- 
and absolute des 37, between amount eaten 
nd 74 for ee were 07 for LT females 
while the ¢ a males (neither significant), 
ated to a UM LT correlation was in- 

Significant .92. 


lt has | DISCUSSION 
T diner demonstrated that the LA and 
g methods, as defined in this exper 

not have equivalent effects upon 
) 3 ib. UM or running speed, and, 
acts With this feeding-method factor in- 
ĉasures s in both body weight and speed 

"sults ae Wo obvious qualifications of these 
ined dif. be stated, however: (a) the ob- 
Cts a e clearly do not represent the 
time» pr limited amount" and “limited 
10 the ^ Medus in general but are peculiar 
‘Mount alues, frequently employed, of 8 gm. 
"ii elus 50 min. time; (b) the obtained 
SPeeq ces in body weight (and perhaps in 
Mount ne related most immediately to the 
"maine E food eaten. That the LT groups 
“Imply d heavier than their LA counterparts 
“mo reflects the fact that rats can learn to 
tion : Té than & gm. in 50 min. One implica- 
Mame these findings remains clear, however, 
hun di the need to specify in any definition of 
the d not only hours of deprivation, but also 
ur d by which feeding was restricted, 
d The ie any days, before training began. 
A eue lications of the observed relation- 
h nis speed and body weight are, un- 
i. m. not as clear. No single relation- 
Md in demonstrated for both sexes. There 
Un in ne indication among the males that 
Wei speed was inversely related to body 
det t (and thence to amount eaten) in the 
D siai the significantly lighter LA males 
ye meaty faster than did the LT males. 
: si ow behavior has been found to bear 
qu g d inverse relationship to body weight 
NS em ha wee male albinos (1). Among 
el cie, ales, however, 8 gm. was apparently 
Noy a to maintain the LA group close 
“Ve BR to the weight of the LT group so that 
tio s ìf this inverse speed-body weight rela- 
hog Mp holds for females, there was no op- 


Or to observe it. . 
€ further relationsh!P may be pointed out. 


p — 
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If the mean amounts eaten by the LT groups 
(12.73 gm. by males, 9.86 gm. by females) 
may be taken as the “50-min. capacities" of 
the LA groups as well, then the 8 gm. eaten 
by the latter may be expressed as a percentage 
of the amount which could have been con- 
sumed. Eight grams for LA males constituted 
about 63 per cent of what they could have 
eaten, while the same 8 gm. for LA females 
was approximately 81 per cent of their capa- 
. It is interesting to note that each of these 
pproximately the same pro- 
portion (.82 to .85) of the mean percentage of 
body weight retained by the group involved 
(76.34 per cent by males, 94.82 per cent by 
females). From this correspondence, it may 
be concluded that, despite the faster metabolic 
rate of males (2), percentage of original body 
weight retained by both sexes under limited- 
amount deprivation will be directly related to 
whatever proportion that daily amount is of 
their capacity. Pursuing this reasoning still 
further, it may be deduced that in order for 
the LA females in the present experiment to 
have lost a percentage of their original body 
weight equal to that lost by LA males, they 
would have had to receive approximately 6 gm. 
(63 per cent of 9.86 gm.) instead of 8 gm. per 
Since 50-min. capacities seem to be in- 
related to the percentage of body 
d by a group receiving less than 
the following general state- 
ment may be made: If males and females are 
to be maintained on à daily limited amount, 
and if it is desired that males and females lose 
about the same percentage of their respective 
body weights, then females should 
receive only 77 per cent as much food as males 
(9.86/ 12.73 — 77). This finding, if general, 
should be of interest to theorists who define 
drive strength in terms of percentage of body 
weight lost, and to those experimenters who 
prefer the LA procedure because of its more 


exact cont 


city 
percentages is a 


day. 
versely 
weight retainel 
its capacity daily, 


original 


rol of amount eaten. 


SUMMARY 


The present study compared the body weight 
changes and subsequent running speeds of 
two groups of hooded rats fed by different 
procedures: a “limited amount” (LA) method, 
in which each rat received 8 gm. of dry Purina 


Laboratory ~., 
(LT) method, 11 


Chow daily, and a “limited time" 
a which each rat was allowed to 
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eat as much Chow as it could during a daily 
50-min. period. 

The LT groups fell to higher mean body 
weights than did the LA groups (significantly 
so for the males), and also retained significantly 
higher mean percentages of their original body 
weight. This LA-LT difference was significantly 
larger for males than for females in both the 
absolute and percentage body weight measures. 
LT males ate significantly more per day than 
did LT females. 

During 72 food-reinforced speed trials under 
22-hr. deprivation, LA males ran significantly 
faster than did LT males, but there was no 
significant difference between the female LA 
and LT groups. LA males ran faster than LA 
females, but LT males ran slower than LTT 
females. 

Relationships between 
body weight, and Tunning speed were discussed. 
It was concluded that a definition of hunger 
should specify, in addition to hours of de- 
privation, how and to What extent feeding was 
restricted before training began. 


feeding methods, 
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HE EF us T OF NONREWARD AND INT 
IN THE AMPLITUDE OF AN INSTR 


ERFERENCE ON VARIATION 
UMENTAL RESPONSE 
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This pa 
ine the results of two investi- 
and hieran the relation of nonreward 
Mence to th s m an instrumental-act se- 
amplitude e aar and variations in the 
Lis well k instrumental behavior. 
delays of re mav that reward, nonreward, and 
Portant if ward (as empirical events) play im- 
More or € crucial, roles in producing the 
amning, Th: permanent modifications called 
are not e ne presem investigations, however, 
quences BS pens with the learned conse- 
UE With th reward; nonreward, or interference, 
Tractor: Ne innate changes in the quantitative 
Mitiag istics of responses which may be 
n ted by them. 
interferer eet investigation of the effects of 
nior mu» on kindergarten children by the 
SPonse or (7), it has been indicated that 
tup, S€ Strength as measured by the speed of 


Mir 
Ng a ^ra : . 3 
E à crank increases with interference. In 


ay 
; Num 

a : 
‘ng a Cr of pilot studies, speed of crank-turn- 
^ nonreward. 


)pe: 
i Meis to be decreased by 
inmedi? these effects have not been reflected 
fer, tEly after the introduction of inter- 


Nee 
Xlen Or nonreward but develop only after 
n me SS 


Actually repetitions. Furthermore, 50 
interfer decreased in speed after extended 
(gy, C ence and increased in speed after ex- 


thi ^ Donreward or failure. The most notable 
teg is ar ien about the individual graphic 
bat eth of these Ss has been the changes in the 
oy re : of crank speed with the introduction [9 
Biv Ward and interference. These records 
Deed Ne general impression that the over-all 
jx ht of crank-turning per se is to ? large 
Stieg dependent on individual 5 character- 
^r ed the degree of oscillation or stability 
Non Si Speed is affected by interference and 
th tee independently “of individual S 
“Cleristics. i 


D 
for ae authors are indebted to Mi Katherine Easley 
V. Capable and conscientious assistance through- 
Seq = investigation. The data of experiment T are 
a ^ part upon the master’s thesis of Miss Easley 
"lec, Ne data of experiment II were obtained in con 


"t ; ^ ssis rael 
On with the masters thesis of the junior author. 


The possibility is suggested that the effect of 
failure, nonreward, and interference is to in- 
crease the degree of behavioral variation. In 
this case, increases (or decreases) in over-all 
response strength. could be regarded as an 
artifact. Restlessness, variation, and behavioral 
have been frequently associated 
ed conditions and have been 
n human Ss as a function of 
failure situations in the studies of. Kuhlman 
(3), Postman and Brown (6), and others. 
While there is some evidence suggesting a 
different relationship (e.g., 1, +, 5), it is tempt- 
ing to suppose that unreduced needs, before 
learning, are associated with increasing be- 
havioral variation (in amplitude and direc- 
tional and instrumental movements) and "'re- 
ward stimulation" with decreasing behavioral 
variation. Whatever the reasons, variability is 
essential in most need situations requiring 
“new” responses, since it increases the likeli- 
hood that appropriate behavior will occur, 
while continued variability is a disadvantage 
when stimulation appropriate to reducing the 
need does occur. 


As one step in the investiga- 
tion of the relation of behavioral variation to 
us motivational and reward conditions, 

investigation provides evidence 
variations in the amplitude of an 


1 response (crank-turning) during 
ard, reward, and interference. 


instability 
with various ne 
specifically noted i 


vario 
the present 
concerning 
instrumenta 
extended nonrew 
EXPERIMENT 1 

METHOD 


Subjects 


A total of 
anc 


between the 
ys. All Ss 
kinder- 


28 children of both sexes 
] 72 months, were used as 
yM-YWCA sponsored 
ppi. 


ages of 48 
attending the 


were F 
he Univer: 


garten att 


sity of M 


A pparalus 
The apparatus consisted of a modified version of 
ng apparatus described for a previous 


the crank-turnir i 
ent (D. and situated in a research trailer 


was 


experim! T 
maintained by the Psychology Department oi the 
Univer: of : Miss ppi. Turning the crank lit a 

x panel lights, one at a time, proceeding 


series of S 
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from the top downward. At the sixth light, a marble 
was dispensed. The earlier apparatus was modified so 
that panel-light movement depended on the speed of 
crank-turning. Five revolutions of the crank were 
required to move the light from one Position to the 
next. Thus, a total of 25 turns Were required to 
each marble. 

The time required to obtain each marble was re- 
corded by a Standard Electric Timer which operated 
only while the crank was being turned, An Esterline- 
Angus Recording Voltmeter (maximum reading = 
10 v.) produced a graphic record of the relative changes 
in speed of turning as reflected by voltage changes 
from a small A.C, Benerator attached to the crank, 

Other materials 


denoting reward a 


obtain 


box, placed at the feet of 
marbles were discarded (Ss 
once they had been discarded); and (d) various small 
toys, as take-home prizes, As in previous experiments 


(7, 8), the recording apparatus was in a Separate room 
Írom the crank box and toys, 


Could not see the marbles 


Procedure 


Each S com 
Separate days, 
training trials a 
either 20 reward or 20 nonrewar. 
mental session, Ss were paired 
mean crank speed during the 
then divided at random into 
Ss each without - The groups were then 
assigned at random to the reward and nonreward con- 
ditions, Twenty additional trials involving a reversal 
of these reward conditions were also & part of this 
Session, However, the results of this part of the ex- 
Perimental session 


are not relevant to the present 
Teport and will not be Presented. 


Preliminary Session, This session was 
similar to the Preliminary 
Previously reported 
Present apparatus (7, & 
the crank for a tot 
panel lights mov 
after which a m, 


pleted two Sessions 
a preliminary 
nd an experime 


administered on 
session involving 12 
ntal session involving 
d trials. For the experi- 
on the basis of their 
preliminary session and 
two equal groups of 14 


basically 
training procedure used in 
investigations the 
1 to turn 
‘ach of which the 
Eh six positions, 
The crank was 
throughout the panel sequence 
a]. During this s 


Second 
white 
Il the marble 
be discarded 
instructions concerning 


| a prize; white marbles had to 
into the floor container, 


speed were given. An approximately constant between- 


trials interval was maintained by requiring S to wait 
for the sound of a bel 


ll before beginning the next trial, 
Each S was told that when he had put enough marbles 
into the groove on his marble board to fill it up to the 
marker, he would he entitled to choose any one of the 


prizes on display in the room and take it home with 
him. 


The total time in Seconds required to obtain each 
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ved 
ials and serv 
marble was recorded for each of the 12 suas 
as a basis for matching the groups for the exp T 
session. " d to the 

Experimental session. The Ss were pe ays 
crank-turning situation in from une ‘ere told they 
following the preliminary session. Ss W h they 
were going to play 


the same marble giu e 
played before and were briefly recruits the marble 
crank, lights, black and white marbles, a beginning dl 
board. The E left the room before Me eet a 
the session and, as before, GUHVOPSRUDD Bis board A 
E were kept at a minimum. 7 he mar ately receive’ 
marked to hold 21 marbles. All Ss ultima 


nrewal’ 
+ ion 
21 marbles jit À 


from 
All Ss then received a final black ae 
prize, and were returned to the me ^ pe hic f “ied 

The total seconds per trial and a were recor! 
of the voltage output from the crank the d 
for each trial. To obtain a score for 


been omitted 


cor" 


"T 
jegre? 
NT. 


nthe 
en 
and 


ing eac 
range or oscillation of crank speed during etw 
quence, the difference was be the highest c 
highest and lowest marks telles ic-Angus i the 
lowest crank speeds) on the Esterlir constitute void 
charts for each trial, This difference pud , i le of 
range or oscillation score for each S per e stoppi"! int? 
distortion due to occasional men y po! 
the crank during a panel sequence, B gn 
on the charts were disregarded unless they 
teristic of the trial as a whole, 


Y a 
me lo" char 
ere 


EXPERIMENT II i sect. 
was jal? 
:onal D 
itiona he 
lit and " 
rang? ke 
cra? 


The purpose of experiment II 
data concerning the effects of addi " 
of continuous reward and sqm 
effects of interference on speed anc 


ed by 
response strength as measure 
turning. 


METHOD 
Subjects and Apparatus 


Ces 
ELA 
"T : > the ay U 
Experiment II was administered sroximate M L 
used in experiment I and began p. experi roe 
months following the completion of € and ti 
Five ime 


e 
jt 


[08 27 
ne 


ilative measures °°. 
The apparatus and quantitative meas! "Bu 


1 5 se use 
Speed and range were identical to those 
periment I. 


Procedure 0 dm 
The procedure was the same except Mp 
of continuous reward (black marbles) or = 10 Oy, 
nonreward (white marbles) were administere trial o 
5 followed by an interference condition. on in£ "m. 
The nine remaining reward Ss and 11 remain "EL 
reward Ss of experiment T were assigned to t 


EF 


d ual nonreward conditions. No preliminary 
“with Gove beim since all Ss were already familiar 
to and from, P die situation. Each S was brought 
experiment s research trailer by the same person as 
-liminary inst and given the same review and pre- 
We ructions. 

tinis enee conditions introduced on trial 41 
the last i ee the panel light to reach the second 
Panel without Fans then returning it to the top of the 
Peated three 5 a marble being received. This was re- 
and was Aa E times. Each return took 5 sec. 
€ third re mpanied by the sound of a buzzer. After 

| Teturn, the panel light was allowed to proceed 


down 

s nwa; t à 3 " 

trials, rig until a marble was received as in earlie 
j re- 


Ctived a 


S E end of this interference trial all 
rs marble. So that all Ss in both reward 
f ard and r NS , groups could complete their marble 
Slowed By. Pads prize, the interference trial was 
arbles me our "finish" trials on each of which black 
. Since re received. 
? black Nonreward Ss received 40 white marbles and 
marbles, they were given a marble board 
marbles; the marble board for reward 
to hold 45 marbles, which included the 
Vand four “finish” trials. 


m 


"s marked 
Tlerence trial 


RESULTS AND DISCUSSION 


Speed Mmary of the changes in mean crank 
ih Xr trial (seconds per panel sequence) 


Or bi 
w Oth experi T 
Figure 1 experiments I and II is shown in 


Mean ¢ 
th n crank speed for both the reward and 


Tires À 
toughen vard groups generally increased 
Wer "e the 20 trials of experiment I. There 

© significant differences in speed be- 


A su 
I 


ceo e 
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Panel Sequence 
N 
e 
> 
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in bo 
remm VA 

32 Nonreward Y 

PU 7 -— Reward 
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u 
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ard groups during experiments I and II 


CT OF NONREWARD AND INTERFERENCE 


- Changes in mean time taken to complete cach panel sequence (mean crank speec 
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tween reward and nonreward Ss in experi- 
ment I. 

In the second part of Figure 1, which shows 
changes in mean crank speed during experi- 
ment II, mean speed for 5s receiving reward 
on every trial begins somewhat higher than 
their speed at the beginning of experiment I 
and gradually increases. The approximately 
flat and stable irial-to-trial speed over the 
final 20 trials for these reward Ss suggests a 
limit of speed toward which they are approach- 
ing under the particular reward conditions of 
this experiment. It is curious that the initial 
speed of these Ss is nearly identical to their 
final crank speed of experiment I, which oc- 
curred two months earlier: Nonreward Ss, 
receiving only white marbles during the 40 
trials of experiment II, present a markedly 
different picture with respect to the stability 
of trial-to-trial mean speed and the general 
direction of change. After rapidly increasing 
their speed during the first eight trials, non- 
reward Ss began showing wide variations in 
mean speed from trial to trial with an apparent 
trend toward slower turning. An analysis of 
variance of the 40 trials of experiment IT 
yielded a Trials X Groups interaction variance 
which was significant beyond the .001 level 
(F = 23.069, df = 39 and 702), thus indicating 
significant differences in the observed trends 


Experiment II 


20 25 30 35 40 


Trials 


10 15 


D by the reward and 


Nonreward 


—-Reward 


P 


v 


N 


- 


Experiment I 


Mean Range in Voltage Output 


1 5 10 15 20 1 5 
Trials 


5 2 a " ; ward and 
Fic. 2. Changes in range in voltage output from crank (range in crank speed) per trial for the reward aà 


reward groups during experiments I and II. 


for the reward and nonreward groups shown 
in Figure 1. 

Considering the results of experiments I and 
II as a whole, nonreward is similar to reward 
in its initial effects on response strength (ex- 
periment I) but ultimately depresses mean 
speed per trial after extended nonreward ex- 
perience (experiment II). However, it is pos- 
sible that the effects of the reward trials given 
to all Ss in the preliminary session may have 
“transferred” to the nonrewarded trials of 
experiment I, thus making rewarded and non- 
rewarded Ss more alike in crank speed. 

Figure 2 shows the mean within-trials range 
in crank speed (as measured by range in volt- 
age output) for the 20 trials of experiment I 
and the 40 trials of experiment II. These 
scores represent the difference between the 
highest and lowest speeds reached within each 
of the trials as obtained from the graphic volt- 
meter records. The within-trials range re- 
mained about the same for reward and non- 
reward Ss during the first part of experiment 
I, with an apparent increase for nonreward Ss 
toward the end of these 20 trials. Pooling the 
mean scores for the final 12 trials of experi- 
ment I yielded a significant difference between 
the reward and nonreward groups (1 = 2.56, 
p < 03). During the 40 trials of experiment Il, 
the mean range scores remained consistently 
higher for the nonreward group. The ratio of 
the between-groups variance and the pooled 
between-Ss variance in an analysis of various 
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ms, Pra af 
pn PAR FV 
Nr 
Experiment II 
40 


10 15 20 25 30 35 


Trials non 


5.584 
of these 40 trials yielded an F of 7s, 
(p < .002). Although the variation betwe (he 
was similar for reward and nonreward = core 
degree of variation in the mean range i of 
from trial to trial was consistently large 
nonreward Ss throughout experiment I * sot 

It would thus appear that reward 15 wa in 
ated with the development of less variat nct 
crank speed during the panel light Bed re 
and that trial to trial variation in sper and 
mains about the same. On the other antlY 
nonreward is associated with signill ight 
greater range in speed during the pat ns 
sequence and larger trial-to-trial m nc 
This greater range of crank speed unde h 
reward conditions is in conformity W! gon 
possibility stated earlier that reward an id 
reward are related to the degree of beha 
oscillation. 

A comparison of Figures 1 a 
that there is some relationship betwee’ yer 
mean range scores and mean crank Spe? with 
trial, the slower speeds being associated eed? 
greater ranges in speed, and the faster PL into 
with smaller ranges. This is not surp" als 
since much variation of speed within re- 
would usually mean a sacrifice of the timo ich 
quired to complete the panel sequence: his 
would thus lower the mean speed score. 
the significant trend toward slower spee 
tained under the nonreward conditions ? 
periment II (see Fig. 1) does not necess? 5n 
mean that nonreward Ss did not at times 


ra 


5 


NA 
„dica 
and 2 IC ne 


hu? 
j ob 
[ex 


EFFECT OF NONREWARD AND INTERFERENCE 


det within. each trial as reward Ss. If they 
within ie in slower turning at other times 
speed s ac ina, this would lower their mean 
<a nai and increase their range score. A 
of the n on her individual voltmeter records 
Sihouatiaind, ard Ss with those of reward Ss 
the na this interpretation. Also, when 
of the la S speed scores reached within each 
Bteatest anm trials by nonreward Ss (where 
crank spe gei in reward and nonreward 
lest ed occurred) were compared with the 
vas a scores of reward Ss, the difference 
E Statistically significant (! = .611, 
ing as 1): Nonreward Ss were evidently reach- 
is india peds as reward Ss. Therefore, it 
teward ¢ ed that the main effect of the non- 
ata ition in the present experimental 
ion of was to increase the range or varia- 
u er speed while working for marble 
Strength’ and that changes in over-all response 
Complet as measured by the time required to 
artifact « ane trial is to a large extent an 
that Bre: this former effect. It is also notable 
toup i range scores of all 5s in the nonreward 
that 1 Increased, It seems likely, therefore, 
We na Dtained effects of nonreward on range 
..9t greatly affected by previous environ- 
* influences, . 
Cini Poets of interference. The interference 
Hop 9n Which was introduced during trial 
in experiment TI resulted in a sharp increase 
Crea e Crank speed and a similarly sharp de- 
When in range for the nonreward Ss only. 
leteng the mean crank speed for the inter- 
ff a Period (which comprised the equivalent 
With ; 9f the nonreward trials) was compared 
Drevi mean crank speed for the five trials 
Nor doe to interference, the difference for the 
be fe group was significant (/ = 2.684, 
for the ); no significant difference was obtained 
“hang reward group. A similar analysis of the 
nig, c n the range scores also yielded a sig- 
m "t difference for the nonreward group 
teya .199, p < 02) and no difference for the 
thej s group. All nonreward Ss increased 
intep Peed and decreased their range after 
ai p, iia was introduced, while the direction 
aange for reward Ss was highly variable. 
he d € lack of effects for the reward group may 
s to the already high crank speed and 
ange in speed of this group at the time of 
Tference, However, it is possible that the 


ent; 


loy. 
In 
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effects of any interference situation may de- 
pend upon the extent that failure has been 
experienced in the instrumental-act sequence. 
It is not possible to differentiate between these 
possibilities with the present data. It is rather 
surprising that the interference situation, 
which is the kind of an event that frequently 
is identified with other types of failure and 
nonreward situations, had the opposite effect 
on both speed and range as nonreward. Instead 
of “discouraging” the nonreward Ss still 
further, interference appeared to have the 
effect that would be expected had reward been 
suddenly introduced. The significance of the 
interference condition in this experiment may 
have depended upon the marked change which 
it introduced into the general stimulus situa- 
tion; the return of the panel lights plus the 
buzzer may have been sufficiently different 
from the preceding nonreward situation that 
it was more similar to the stimulus situation at 
the beginning of the experiment. In this case, 
the increases in crank speed and range could 
be regarded simply as a return to earlier be- 
havior rather than a characteristic reaction to 
interference per se. Another possibility is that 
the novelty of the interference situation served 
as the innate stimulus to increasing response 
strength and decreasing the range in speed 
(8). The lack of such an effect for the reward 
group could be due to its already high level. 
On the basis of the present data, it is not 
possible to evaluate these different possibilities 
concerning the relation of interference to re- 
sponse strength and variation. However, in 
view of the clearly different effects of nonre- 
ward and interference obtained in the present 
situation and the earlier investigation, it seems 
clear that nonreward and interference should 
be differentiated as experimental variables in 
goal-directed sequences of the present types. 


SUMMARY 


The purpose of these studies was to investi- 
the effects of extended reward, nonreward, 
and interference on the degree of variation in 
the strength of an instrumental response. 
Kindergarten children learned to turn a crank 
to obtain marbles. The faster they turned, the 
sooner they received a marble. One group re- 
ceived a black marble (reward) on every trial 
The black marbles were used to fill a marble 


gate 
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board which was exchanged for a prize when 
completed. The other group received a white 
marble (nonreward) on every trial. White 
marbles could not be used to fill the marble 
board and had to be discarded. An interference 
Situation which involved three successive de- 
lays in obtaining a marble was introduced at 
the end of this series of rewarded and nonre- 
warded trials. Records were kept of the total 
time spent turning on each trial and the dif- 
ference between the highest and lowest crank 
speeds on each trial. 

The chief results obtained were: 

1. Differences in speed developed gradually, 
the effect for nonreward being to produce a 
Slower speed than reward. During the early 
trials both reward and nonreward resulted in 
a similar speeding-up of crank-turning. 

2. The degree of variation or range in crank 
speed within each trial was significantly greater 
under nonreward conditions. 

3. The effect of introducing interference into 
the instrumental Sequence at the end of the re- 
warded or nonrewarded trials was to increase 
mean crank speed and decrease the mean varia- 
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. . reward 
tions or range in crank speed for the nt Ss was 
Ss only. The crank-turning of rewar ^ 

$ on. 
unaffected by the interference conditi 
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tt] su UTR the findings of his monu- 
heayi y i y of punishment (5), Estes drew 
that lae earlier research which indicated 
lety» Pis cpi emotional disturbance (‘‘anx- 
Utput a suppress or stop completely the 
quired pee responses among rats that had 
conclu ed eh lever-pressing habit (6). He 
Dpressan at a substantial part of the initial 
Pressing ( _ effect of punishment on lever- 
Conditio (with a shock to the feet) reflected 
Doun, ning of this sort (5, p- 36). The com- 
Which of Stimuli (from the apparatus, etc.) 
ng, Provided the occasion for lever-press- 
Ove i with stimuli arising out of the 
Nseg pn initiating and making lever 
f ie ccurred prior to and contiguously 
ning o oshing shocks. Through condi- 
e ee vee stimuli could acquire the power 
disrupt phon "emotional state" which would 
“ve Bert normal behavior of S, including 
Study Te as in the earlier "anxiety" 
Subst, 


S ae effect which dissipated only is 
e ied made unpunished lever responses. 
Men, S8ested that, with repeated punish- 
with » Withdrawal responses (Rw) incompatible 
Dang CVer-pressing also became conditioned, 
"yt " arly to stimuli arising from movements 
Su = in pressing the lever- 3 
“isiy, Sequent research has confirmed de- 
“Tea ,Y the suppressant effect of conditioned 

ied Or "anxiety" (following the Estes- 
the This research was supported in part by a grant from 
Veg Cal Science Research Committee of the Uni- 
An W of Chicago and in part by the Medical Research 


Yeo evel, ard, Oflice of the Surgeon General 
(S opment Boarc - T ý 
f rtment NIS cam, under Contract No. DA-49- 


“4D-291, 


Skinner model) on lever-pressing and other 
activity (1, 9, 11). But preliminary observa- 
tions (1, exp. 3) early suggested that the effects 
of punishment and "anxiety" conditioning 
(the CER) differ in important details. The 
R, or avoidant component in punishment 
appears to deserve greater emphasis than 
Estes’ interpretation gave it. Similarly, recent 
discussions of punishment (4, 13) have stressed 
the importance of conditioned aversive proper- 
ties acquired by the stimuli arising from the 
movements of initiating and making lever 
responses. Avoidant behavior, incompatible 
with the punished response, is thought to be 
positively. reinforced by termination of these 
stimuli, while the punished response becomes 
increasingly unlikely to occur. 

The present experiment compares à dis- 
crimination based on punishment with a con- 
ditioned "anxiety" discrimination or "con- 
ditioned emotional response" (the CER), which 
also suppresses lever-pressing. For both, the 
shocks appear only during the presentation of 
an arbitrary CS (a clicking noise). In punish- 
ment, the shocks are given only if and when 
S presses the lever during the CS. In CER con- 
ditioning, the shocks are given during or at the 
end of the CS, and no lever response is pun- 
ished. In the CER, the CS acquires the power 
to evoke generalized emotional disturbance, 
as indicated by freezing and defecation. If the 
suppressant effect of punishment depends 
primarily upon the disruptive effects of emo- 
tional disturbance evoked by the CS, both 
groups should show an approximately equal 
incidence of freezing and defecation. If, on the 
other hand, the punishment effect depends 
primarily upon the development of more 
specific avoidant behavior, these Ss should 
show a lower incidence of emotional dis- 
turbance and a higher incidence of overt be- 
havior which has an avoidant topography. 
Further, the punishment suppression should 
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dissipate rapidly as the Ss make unpunished 
lever responses in the presence of the CS. 


METHOD 


Twenty-two naive, male albino rats, 80 to 90 days 
old, were trained to press the lever in a Skinner box, 
first for regular and then for aperiodic water reward, 
available to S about once per minute on the average. 
After lever-pressing Outputs had stabilized on the 
aperiodic schedule, the Ss were divided into four groups, 
roughly equated for rate and regularity of lever-pressing, 
and treated as follows: 

The CER I group (V = 6) received a total of nine 
conditioning trials during Skinner-box runs, in accord- 
ance with the standard procedure (see 11). Each trial 
consisted of the presentation of the CS (a clicking noise) 
during the fourth through the sixth minutes of a 12- min, 
-lever-pressing run, The CS was terminated approxi- 
mately contiguously with two momentary shocks to the 
feet (of approximately 1.5 ma, intensity), one just 
before and one just after the clicker went off, 

The CER II group CY = 5) received a total of nine 
conditioning trials as above except that the shocks 
were introduced at the end of the first 11$ min. of the 
3-min. CS in each conditioning trial. For both CER 
groups every effort was made, and successfully as far 
às could be determined, to avoid accidental coincidence 
of a shock and a lever response. 

The punishment I group (P I) CV = 6) received a 
total of nine conditioning trials during Skinner-hox 
runs. Each trial consisted of a 3-min. presentation of 
the clicker CS, from the fourth through the sixth 
minutes of the run, during which all lever responses 
produced a shock to the feet (approximately 1.5 ma.) 
through the grill floor, The shock was keyed by a micro- 
Switch on the lever and continued as long as the lever 
was depressed sufficiently to throw the Switch. 

The punishment II group (P II) (N = 5) received 
nine conditioning trials as given to the P I group except 
that only those lever Tesponses made during the last 
l1!» min. of the 3-min. CS were punished. 

The conditioning schedule w as the same for all 
groups. Adaptation runs (A 1, A 2, etc.) in the appara- 
tus, with the lever in but without CS or shocks, were 
interspersed among the conditioning trials (C 1 CE 
ete.) as follows: C 1, C 2, A 1. C3, C4, A2, A3, A 4, 
A5, C5,A6, C6, AZ, A 8. C7, A9, C 8, and A 10. 
Following A 10, the Ss rested in the home cages for 
five days. Then all Ss had two more adaptation runs 
followed by the last conditioning trial C 9, all with the 
top of the Skinner box open to permit direct observa- 
tion of behavior, 

On the day following C 9, all Ss were tested for their 
reaction to the CS alone in the grill box. This apparatus 
consisted of a chamber with a grill floor, one transparent 
wall to permit observation of behavior, and an earphone 
for administration of the auditory CS (2). Afterward, 
on the same day, all Ss received an adaptation run in 
the Skinner box with the top closed. ; 

Finally. starting on the day following the grill box 
test, all Ss received a total of ten test-extinction trials 
tT 1, T 2. etc.) in the Skinner box with the top closed, 
one trial per day for ten Consecutive days. Baci trial 
consisted of the presentation of the CS, without shock 
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me 
- " ime during 
Teintorcement, for 3 min. at the usual tim 
ji 
run. d a dail 
A z ; s ha 
Except during the rest period, all S: standa 


12-min. run in the Skinner box, dn pem 
aperiodic water reinforcement schedule deprivation 
throughout. All Ss were on a 23-hr. water 
schedule during the entire experiment. s unpunisli 
The P II procedure, with lever rapin m perm 
for the first 114 min. of the CS, was includ ditioni? 
the observation of the effect of the A effect t 
independently of any direct uppaa The CË 
punishing shocks themselves might E h control A 
II procedure was included partly as a n R wou = 
P II and partly to find out whether Mea n i: | 
criminate the shocks as a signal that Jot uncspectell 
presaged a future shock in that trial. Ne conditions 4, 
it actually turned out that the I and ither appr 
both puni hment and CER produced dp in behave 
able nor statistically significant Serene showet i 
with one trivial exception. The P b NS during | 
suppression of lever-pressing than the ipio iis expo 
CS on the first conditioning trial, a resu a s unpu” jë 
as the first 115 min, of leven es tr in th 
for P IT but punished for P I. Accord des ined ‘i 
cussion here, the I and II P groups will be parison Ne 
a single punishment group (PUN) or d 
a single CER group, similarly combin 


SF SRS 


d 


RESULTS 


t 
ishme” 
Figure 1 shows the effect of the oen d p 
and CER procedures on the d fro 25 
responses during the 3-min. De rti i'n 
fourth through the sixth minute o "m du 
box runs —the critical segment of t " 
ing which the CS appeared. ein out], 
The top panel, A, shows the P bina: eh 
of the combined PUN and com of the n 
groups during the critical segment zi yat 
preconditioning and the first ten enerali” 
trials. These curves indicate the Fads in " 
tion of the suppressant effects to Pris did oP 
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appear. At least 9 of the 11 Ss in adaP 
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Fic. 1. The effect of CER and punishment on 


Cohan 
the "ction trials T 1 through T 10 in which 
Coni cs but no shock appeared. The pre- 
Dari, ning output appears, again, for om 
Peso n. On trial C 2, all Ss made fewer Im 
g nses during the CS than they made dur- 
of the last pre- 
ant effects of 
are obvious. 


to , the PUN suppression was less resistant 
sip tinction. The two groups did not differ 
T icantly in mean output during the C S on 
Lor By T 5, however, 9 of the PUN and only 
tho the CER Ss made more responses during 
(8) '8 than each had made on T 1 (p < .01) 
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In ig 
S, 7 trial 9, in th ! A 
à M ual crouching or freezing be- 


“Owed the us 


C, 6 
w Č Čagayagag Pay Panag Ty T 


e— CER 


œ=- Punishment 


T, Ta Ta Ta Ts Te T; Te Ts Tio 


output of lever responses. 


havior during presentation of the CS. But only 
three PUN Ss responded thus; the remaining 
eight showed at least some “abortive lever- 
pressing” activity. Typically, these Ss oriented 
toward the lever and water cup, often placing 
a paw or lower jaw over the lever, occasional y 
depressing it slightly, then usually approached 
the empty water cup. Sometimes 5 simp 
oriented toward the lever and then went to 
the cup; at other times the whole sequence 
appeared. If S pressed the lever too far and 
gave itself a shock, it showed a mild startle re- 
sponse, withdrawing from the lever, usually 
to resume abortive lever-pressing in a few 
seconds. No CER S showed any sign of this ac- 
tivity while five PUN Ss engaged in it re- 
peatedly and continuously without any signs 
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TABLE 1 

Incidence of Crouching and Immobility 
to the CS during Grill Box T, 


in Response 
it 


Group 
Behavior a 
CER PUN 
Crouch, no movement 9 0 
Mixed crouching and move- 2 > 
ment 
Normal movement, no crouch- 0 6 
ing 
Total 11 11 
bk E 16.28, $ <.. 


of freezing, a significant difference (p < .04). 
An earlier Teport on punishment also has de- 
Scribed this phenomenon (3). 

In the grill box test, on the day following 
C 9, most CER Ss Showed the typical freezing 
reaction to the CS, as expected (9), while the 
PUN Ss did not. Table 1 shows how the groups 
differed. Interestingly enough, six CER Ss 
but no PUN S, defecated during this test 
(p < .02) 

The CER group characteristically showed 
a higher incidence of defecation during con- 
ditioning and early in extinction, Originally 
the groups did not differ in this regard; on 
first receiving shocks in C 1, 7 CER and 6 
PUN Ss defecated. But during C8, for ex- 
ample, 9 CER and 2 Pun Ss defecated (p < 
01). And during T 1, when no shocks were 
given, 11 CER and no PUN Ss defecated. 
Together with the Observations of C 9 and the 
grill box test, these data indicate that the CS 
evoked more general emotional disturbance 
among CER than among PUN Ss (12). 

In summary, both the punishment (PUN) 
and "anxiety" (CER) procedures endowed an 
ordinarily neutral Stimulus, the clicker CS, 
with the power to Suppress lever-pressing. 
Both produced generalized suppression (in the 
absence of CS or shock) as well, with the CER 
procedure producing the greater generalized 
suppression even though no lever response had 
ever been punished. The PUN Ss showed fewer 
signs of general emotional disturbance they 
showed a lower incidence of freezing and 
defecation in both Skinner box and grill box. 
A number of them developed a characteristic 
abortive lever-pressing behavior not seen in 
any CER Ss an activity appearing to have 
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clear-cut avoidant or escape components Ag 
the suppressant power acquired by UN in 
was more stable for CER than for er 
that the CER proved more resistant to e 
tion, as arbitrarily defined by the rep 
presentation of the CS without shocks. 
DISCUSSION aive 
The relatively strong shocks so E Ss 
suppressed lever-pressing that the shocks 
actually received less than half as weit ; 
on the average as were received by ue contro 
(8.36 as compared with 18). hane cn Tet 
lamps in parallel with S blinked is E count: 
ceived each shock, permitting suc pia 
Perhaps the PUN Ss showed less ı sim 
disturbance and more rapid snes toe in 
because they had received fewer shoc 
presence of the CS. f the PO 
But some of the major effects ^i ar 
cedures appeared before the groups Sd of C? 
greatly in amount of shock. By the «^ th 
all CER Ss had received 4 shocks. z shock? 
the PUN Ss had received from dao j receive! 
With a mean of 3.3, and 5 PUN Ss had P NS 
* or more. During C 2, 9 CER and eae 
defecated; on the next day, during Al, mu 
‘Ss but no PUN § defecated (both P or 
If only those PUN .Ss which eee Ss, pe 
shocks are compared with the C ~ still sig” 
difference in defecation on A 1 is acte ist 
nificant (p < .03). Also, the piam resin? 
similarities and differences in lever- 
had appeared by C 2and A 1. anlier 7. 
Data already available from Pv. how" 
periment argue more convincingly; a ects 0 
(10). This earlier study compared the i ver 
the CER I and PUN I procedures : over 4 
pressing, using 0.6-ma. shocks ge receiv? 
conditioning trials. Here the PUN S$ the c? 
from 9 to 22 shocks in the presence R 5s m" 
(with a mean of 14.25) while the C = yer 
ceived 12. Both procedures suppress? som? 
pressing during the CS and poe apts 
generalized suppression during ac ie CE! 
runs. As in the present experiment, ! resin 
produced the greater generalized supl ect? 
and endowed the CS with Suppressini 
more resistant to extinction, The € jefec? 
showed much the higher incidence of portë 
tion. Only the PUN Ss developed P. el 
lever-pressing. Each of these differences phe 
fects was significant (5 < .05, or better): 


tion? 
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characteristic differences between PUN and 
the Pu. goning appeared here even though 
shocks than ares on the average, more 
resent EXE CER Ss. The results of the 
Simply bo th € should not be attributed 
in the Pree porri between the groups 

hi data te of shock received. . . 
Ments E & the present and earlier experi- 
ever-pressing s that punishment can suppress 
tional dine in the absence of a general emo- 
m Men sufficiently severe io pro- 
motional enon and crouching. Conditioned 
have the n a conditioning suficient to 
ails the m a saan effects, usually en- 
motional ne opment of such a degree of 
lize Si Cisturbance. However, the gener- 
dap, Pression of lever-pressing in. the 
ca that tins could be interpreted to indi- 
Some Pawei, apparatus had acquired at least 
“Mong PU to evoke an emotional disturbance 
in outp N Ss. And the progressive increase 
tria E during the consecutive adaptation 
Showing through A 5 could be interpreted as 
Subsea the extinction of this effect. Also, 
ho, e observations in the open Skinner 
sDüchin j Indicated that most Ss show some 
ew fase or freezing in response to the first 
Shera) ences of punishment. Thus, some 
“Woke, ¢Motional disturbance probably was 
y the apparatus and CS in punish- 
. "pre Contribute to the suppression of 
nee g are But general emotional disturb- 
Qi ib eloped to a lesser degree than in CER 
Actor Ing and probably was not the major 
Anq p, P Suppressing the punished behavior. 


DN 
ri UN Ss, they should have showed a 
the p , Incidence of freezing and defecation in 
box test. 
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4. Peculative Comments 


men More rapid extinction of the punish- 
thet discrimination is not inconsistent with 
(3 emphasis by Schoenfeld (13) and Dinsmoor 
On the role in punishment of the condi- 
aversive properties acquired by stimuli 
tw E from the lever response. In the present 
the ment, the aversive stimulus governing 
S 1 uPpression of lever pressing among PUN 
su Might be a compound —the CS plus those 
the Uli arising from a complete depression of 

lever, During extinction, the PUN Ss 
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would receive their full aversive compound 
without reinforcement each time they pressed 
the lever during a single presentation of the CS. 
For the CER Ss, the full aversive compound— 
the CS plus stimuli arising from the apparatus 
—could be presented without shock reinforce- 
ment only once during each extinction trial. 
Thus a PUN S could have had several func- 
tional “extinction trials” while a CER S was 
having only one. Similarly, the PUN Ss could 
have showed less emotional disturbance in the 
grill box simply because they were receiving 
only that part of their full conditioned aversive 
compound not associated with shock in the 
absence of lever pressing. The same argument 
could account also for their lower incidence of 
crouching and defecation in the Skinner box. 

This formulation hinges upon the acquisition 
of aversive properties by stimuli arising out of 
lever pressing. In a situation employing a free 
operant as an indicator (7), these stimuli could 
not be manipulated independently of the lever 
response itself. Accordingly, the present inter- 
pretation must be considered tentative. 

CONCLUSIONS 

1. Both intercurrent “anxiety” (the CER) 
and punishment suppressed the output of lever 
responses significantly. The suppression ap- 
peared not only during presentation of the 
signal (the CS) but also was generalized to 
appear during periods in the apparatus when 
this stimulus was absent. This generalized sup- 
pression was significantly less severe among 
punished Ss, however. 

2. The suppression produced by punishment 
disappeared more rapidly than that produced 
in the CER, as a function of the repeated 
presentation of the CS without reinforcement 
by shock. 

3. The punished Ss consistently showed a 
lower incidence of signs of general emotional 
disturbance (defecation and immobility) than 
CER Ss. Further, in the presence of the cs, 
the punished Ss tended to show abortive lever- 
pressing activity, with withdrawal or avoidant 
components, while no signs of such behavior 
appeared among CER Ss. 

+. The suppressant effect of punishment 
here did not appear to depend exclusively, or 
even largely, upon the evocation of a general 
emotional state or disturbance by the CS, as 
exemplified in the CER, though such an emo- 
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tional reaction may have been present in a 
degree to contribute somewhat to the total 
suppressant effect. 

5. Rather, the results were interpreted as 
consistent with the view that the effects of 
punishment depend heavily upon specific 
aversive conditioning in which stimuli arising 
from the punished response itself became a 
significant and critical part of the compound 
conditioned aversive stimulus which governs 
the suppression. 
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SEN IN THE NEUROPHYSIOLOGY OF LEARNING: II. EFFECT OF BRAIN 
MULATION DURING BLACK-WHITE DISCRIMINATION ON LEARNING 
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e theoretical framework (2) underlying 
Wrophysiolowies of experiments posits two 
Mental to t Ogical variables as being funda- 
ion tate he learning process: (a) the repeti- 
Volleys Es frequency of nerve impulse 
sponse t (b) duration of the volleys. If the 
the ibl à given stimulus is mediated in 
Mencies of nervous system by impulse fre- 
this fact a given value rather than another, 
res Onse will influence the strength of the 
e ine ej, Ne future applications of 
of ei Stimulus. Similarly, if the duration 
Sg Mpulse volleys involved in the response 
One value rather than another, the 
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"blica of the response on successive future 
tere; OMS Of the identical stimulus will be 


Value |," Cordingly. This means that the 
Ming i these two parameters would deter- 
LN n the event a muscular response were 


mee 
Cont; a Whether the vigor and latency of the 
, n respectively, 


St aT H H . 
qe iu With each successive application of 
" ulus and diminishing in latency, or 


ate. a diminishi um. S å 
MON diminishing deflection with increasing 
Deti iv To determine whether the effect of 
SA, * application of a fixed stimulus will 


i o x bye Ex m 
^ the act” increasing or a diminishing function 
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x lea, strength” of the response is the essence 
Let Ing theory. 
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y SNE acceptable measure of reaction or 
S A Performance; 
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gh Stimulation, training or experi- 
Nee under defined experimental condi- 
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the duration of the volley, and in- 
dividual differences. 
Then, if we write 


AR € 

AS S 

this expression reflects, at least to a first 
approximation, the empirical findings in 
learning experiments. It will be noted, how- 
ever, that the quotient may be positive or 
negative in accordance with the sense given 
to e This is consonant with experimental 
data, for in extinction, for example, the ac- 
cumulation of stimulation or experience results 
in continuing diminution of the value of R. 
Any acceptable neurophysiological learning 
theory should account, therefore, on the basis 
of acceptable physiological evidence, or at 
least by means of hypotheses which do not 
outrage neurophysiological experience, for the 
variation in size and sign of the value e under 
various experimental conditions. 


(1) 


Let 
[ bf 
(2) (= | (af — e) di 
where 
a and b are constants; 
f= repetition rate of the presynaptic 
impulse volley; 
| = duration of the presynaptic im- 


pulse volley. 

This expression for the value of e has only 
heuristic value, since it was not deduced from 
biochemical considerations. It will be noted, 
however, that the repetition rate of the pre- 
synaptic impulse volley, together with the 
duration of the volley, will determine the size 
of e as well as its sign. Thus, for a given im- 
pulse frequency, there will exist values of / 
that the integral will assume values 


such 3 

varying from a maximal positive number to 
negative numbers of varying size. Equation 
2, therefore, describes a parameter which 


summarizes and represents the neurophysi- 


o. 
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Fic. 1a. Permanent mounting on animal's back. " 
mokestack" which couples with the crystal con- 
tainer; B, platform sewed onto back muscles by means 
of silver wire. The mounting is made of silver; the in- 
sulating disc at top of “smokestack” is of a light plastic 
material and fixed in place by cement. 


ological basis for "re-enforcement." When e is 


positive, reinforcement e; sts and learning 
takes place; when e is negative, reinforcement 
is lacking and extinction occurs. 

One purpose of the present series of reports 
is to present experimental evidence bearing 
upon equation 2; we hope to show that repeti- 
tion rate of brain stimulation and duration of 
the volley do, in fact, affect the parameters of 
learning curves in a characteristic manner. 


METHOD 
Apparatus 


Electronic. The details of the transmitter system and 
the reception unit worn by the animal have been de- 
scribed elsewhere (3, 5). There has been one change in 
the receiver unit in the intervening period; this is 
shown in Figure 1b and is constituted of the elements 
lettered F and G. These elements were developed to 
give assurance that when the crystal container is 
screwed onto the “smokestack” worn by the animal 
(Fig. 1a), electrical contact is made between the ele- 
ments in the crystal container and the contact points 
in the “smokestack.” Since the resistance of the crystal 
is known and can be measured across the two elements 
in question, effective contact with the contact points 
by the crystal container will serve to add another cir- 
cuit in parallel (provided by the leads to the animal's 
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Fic. 1b. Crystal container. A, threaded M. presi 

antenna is coupled, the lower end of bo m (4m 

against crystal C (1IN23B); B. tightening m G. met 

ralium cylinder; Lucite container; 7 ant 

probes, to test contact. 


ce 

i tani 
i i iminishes this "eS? jon 
brain) and thus noticeably diminishes UMS | C inado" 
; placed in the disc" ane 


Thus, before the animal is p 
box, the crystal container ned | 
sistance across the elements is determinec i dw 
tube voltmeter. If this resistance equals DAS ale "| 
of the isolated crystal, contact has not Raph and ' 
Surgical. This has been described caret 
modifications have been made (3, 4). 
Discrimination box. 'The ground plan vedi i 
of the learning unit used are given in Tig uon poe 
decided to employ a black-white disc el io 
lem because of the greater simplicity of t yearn B s 
involved as compared to that entailed ud pox ps 
maze (4). The center compartment of the ine s Wa 
painted white, while the two side compe unwaY So 
painted a dull black; the starting box fine ating x 
painted The top of the unit, from md comp 
end units, was covered by Lucite to perm jd cle, 
visibility of the animal's behavior and to 2 iini jd 5 
magnetic shielding. The doors in the SIUE us 
unit were also of Lucite and of the gur aday caf 
These were controlled from outside the Farat- 


by means of strings. 


anc ë 
screwed on a yacuu™ 


Procedure " 


Adaptation. period. For approximately two, ps ; 
fore the beginning of the adaptation trials a pung 
crimination box, the rats were placed on a 25h qum etë 
drive and were fed only the Friskie pellets wh s ert 
to be used in the experiment proper. The anima! 
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is , IG, 24, Crystal. contai and attached antenna screwed onto smokestack. The antenna in this picture 
Nt the one Lene wound helix, suitably tuned (3, 5). 


usually employed, which is a tightly 


A Fic. 2c. Top view of implanted stimulating unit 
à 7 : zi t. Fic. 2c. Top i E ating " 
26, Side ed stimulating uni 


view of implant 
Tn, 


A Meg cach inutes before feeding. — four massed trials on each of four days. When S entered 
a Pe E for several den the animals were a compartment, the guillotine td was closed behind 
DN feq ie this two-week Dich time they were it, and it remained. until the pellets (four) were eaten 
Uy titted i SE fa Me mination unit. A gray or for 10 min. Animals were given the remainder of 
lig part explore the ipee for the purpose. with their daily ration in the Boni cage 20 min. after the 
ms pje l ment box was use st run. Eight rats were started in each experiment, 


each compartment. The la l ; " 
a doors Open. and in which was replicated until a sufficient N was secured. 
nitted to remain Animals which at the end of the adaptation period were 


s and fours, Pin the home cages 


M ie ee (S 
Ut ol The animals were not te 


not running briskly out of the starting box and into the 


Dro, Pung ert in the compartments. This goal boxes were discarded. The remaining animals were 
ta Cee hs their daily ration in e days. Thereafter, the randomly divided into four groups: (a) normal control 
à ques ui aT f hree days E Vea 4 4 
ts e observed for t trials for one day, then (NC), (b) operated control (OC), (©) low frequency 
© given, singly. tW? ST" 
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Fic. 3. Ground plan of the discrimination unit 
within the Faraday cage. 4, entrance door to cage; 
B, starting box and choice-point region; C, food cups; 
D, oscillator. The discrimination unit was throughout 
8 in. deep. Dimensions of cage, 10 ft. by 5 ft. by 5 ft. 
All objects in cage are drawn to scale. 


(LF), and (d) high frequency (HF). Following the 
surgery, two days were allowed for recovery. On the 
first of these two days, the animals were put into the 
discrimination unit, singly, with all doors open, and al- 
lowed to eat ad libitum in either of the two compart- 
ments of the gray goal box. On the second day, the 
rats were given two runs each day, with two pellets as 
reward in either of the food cups; the door was closed 
as soon as the animal entered the compartment. The 
three operated groups (OC, LF and HF) wore the re- 
ceiver unit and the attached antenna on both days, and 
all the maneuvers subsequently to be used with these 
operated rats in the test experiment were executed. 

Test period. The experiment proper began on the 
third day after the surgery. The black-white discrimi- 
nation box was substituted for the gray box used for 
the adaptation period. The white compartment was the 
re-enforced compartment. Ten massed runs were given 
daily, for a period of five days; the rewarded (two pel- 
lets) compartment was randomly placed on the right on 
five runs, and the left on five runs. 

The four groups of animals were handled as com- 
parably as possible. The three operated groups, of 
course, were necessarily subjected to a slightly different 
routine from that of the normal controls. The animal 
was taken from its individual cage. and the rec is 
unit screwed on; then the electrical test for continuity 
was made by measuring the resistance across the ele 
ments F and G shown in Figure 1b. This could be done 
by cradling the animal in the crook of one arm and 
applying the probes with the other hand, a maneuver 
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requiring but a few seconds. This was d HF gr 
the OC group as well as those in the LF and dde 
When the electrical continuity test had been rE T | 
animal was placed in the starting box; BE neat 
door of the Faraday cage and took his place exit 
power switch and the pulley cord controlling from 
door. As soon as the animal entered the run" Then th 
the starting box, the oscillator was turned s door Y 
animal entered the correct compartment, Rue rat thet 
closed at once and the power turned off; u ved eating 
remained in the reward box until it had pao E 
the two pellets of food in the cup, and m a picke up 
period of 25 to 30 sec., at which time it wa partment 
for the next run. If it chose the incorrect e fe it 
the door was closed behind S, and the power yas yel 
25 sec. At the end of this time the power p or th 
off, and the animal returned to the starve rations 
next run. The animals were given their daily 3 
the home cage 20 min. after the last run. ali; the 
The OC group was not stimulated aeri the 
group was stimulated at 75 pulses/sec. bó rectang 
group at 300 pulses/sec. The pulses w or ve was Ur 
and ca. .75 msec. in duration. The power meien 
same for the two stimulated groups, ! 
low as not to cause an overt reaction on 
animals. The power level constituting B the ba 
sponse threshold had been established oF al arat d 
much previous experience. On occasion K) was Jowef 
show signs of muscular response, the leve pt 
for it. nate 
Effect of asymmetrical electromagnetic jut pat Me 
vious experiment it had been found Oe the ara " 
strength of the electromagnetic field in$ic Conway 10 io 
cage be symmetrical on either side of the p the post 
end boxes. In the experiment in question, x 
of the oscillator vi "is the discriminati! 
such as to make the field on the right side o 
and choice-point area slightly stronger hat t 
left. Under these conditions it was found 
mals stimulated at the high frequency jm 
sistent position habits to the left. The j grou? 
group was not affected. The normal contro ied COP i. 
of course, not affected; nor were the end e 
animals. In order to assure ourselves thi he © ice 
Syncrasy was, in fact, due to a eR ia suc “iat 
the position of the oscillator was shiftec c Fart 
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that the field to the left of the midline epe the ani 
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side. Now it was found, utilizing a ne 
mals, that the high-frequency rats mant 
right position habit. A test on a low-fri 
s not made. 

It is interesting to note that in the: 
periments the animals were shying away, 
from the stronger field, but that there Wé * 
behavioral sign that they were being "pU? 
influence of the field a 
analysis of the percentage of choic Ai 
left goal boxes over each of the five days of t 


+ ginal 

e prelimi" al 

s0 

s no 

s no, 
d. 


period. i d 
It is to be emphasized, therefore, that € 


was made to keep the field symmetrical, anc sho" 
of the data in the experiments reported here ; 
that no position habits were manifested for a™ 
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four 
groups i s r A 4 
test ‘ton, of animals on any of the five days of the 


n RESULTS 
Tolal Sc, bres 


ied AE was given 10 runs per day for five 
Us, the tot editis discrimination unit. 
“Tors for e E number of incorrect choices or 
d 50. Th pon rat could vary between zero 
Sores for able 1 are given the total error 
Stoups each animal in each of the four 
Soe: together with the variances. The 
are arranged from highest to lowest 
ach group. Tt will be seen that the OC 
HF group have means with the 
AM any ie n while the means of the 
Nalysig of LP groups differ hardly at all. An 
Sdians (7 variance based on the method of 
df, Wher 7, p. 398) gave a x? of 5.48, with 3 
9f the 7 for 3 df x24, = 63- Application 
(since Same test with the LF group omitted 
the Y this group is indistinguishable from 
hag Sup) yielded a x* of 5.96, whereas 
the 05 lec a = 3.99, Thus significance at 
fous Co Syel 3S barely missed. When an analo- 
NC troupe, ax is made between the OC and 
Xa "DS, a x? of 2,87 is obtained; for 1 z 
anc 


Hp 


j mii A comparison of the OC 
M. PS yields a x? of 3.78; for 1 dí x°.05 = 


H 
aye when the total number of errors made 
nita. five-day period is utilized, statistical 
“Ut fee Nee is barely missed. One canno 

» however, that a significant differ 
Que been obtained between the OC and 

Broups had larger .V's been at hand. 
" le [s gross behavior of the animals 
hk Por the discrimination unit strongly 


ts suc We ; 
Qc. Such a supposition; the behavior of 
“alert” and 


and LF 


t help 
ence 


D 
leg 
Whi d 


ry, 
la Ss 
i nce as Related to Time 


Ne 

wins Pc ag of correct choices in the ten 
2 Up, 7M each day were averaged for each 
qad ile resulting data are shown in Table 
fe are Otted in Figure 4. Groups OC and 
ve day perceptibly different throughout the 
ae yt Ys, with HF consistently superior. On 
ik and hand the NC and the LF groups are 
E sa Istently indistinguishable throughout 
Me period. It will be noted, further, that 
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TABLE 1 
Total Number Errors in 50 Choices (10 per Day) Made 
by the Four Groups of Rats 


oc NC LF HF 
2 3 1 2 
3 3 3 3 
6 3 4 4 
12 4 6 5 
14 7 6 6 
16 8 7 7 
17 8 8 7 
18 9 9 9 
19 10 9 10 
21 12 11 11 
22 13 17 12 
24 20 23 16 
24 27 26 19 
2 | 27 23 
33 30 27 
m 12.60 12.66 10.73 
E 106.57 | 91.85 55.78 
N |} 15 | 15 15 


TABLE 2 
‘umber of Correct Choices per Day (out of 


Average N 
10) for the Four Groups of Rats 


my | oc | NC LF HF 
1 | 49 sa | 5.3 6.4 
2 5.5 6.5 | 69 7.4 
5 | 9 82 | 8.0 7.8 
1 so | &7 8.4 8.8 
5 8.7 8.7 8.8 9.0 


PERCENT CORRECT CHOICES PER TEN TRIALS 


DAYS 


Fic. 4. Percentage of correct choices. 
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CNT CORRECT CHOICES PER FIVE TRIAL 
oO 
N 


PERCE 
D 
@ 


| 2 3 4 5 
DAYS 


Fic. 5. Curves of learning based on five-trial units, 


TABLE 3 
Cumulative Averages (Every Five Runs) of Correct and 
Incorrect Choices for the Four Groups 


OC 


HF 


4 
A 


LF 


I2] 
o 
a 


2.6 2.4| 2.3) 2.7 2.4 2.6 2.3 
3-1! 4.9| 4,6 5.1| 4.7| 5.31] 3.6 
7.8 7.2) 6.8 8.2| 6.7| 8.3) 53 
9.6 |10.4| 8.1 11.9 | 7,8 12:2 | 62 
11.1 | 13.9) 9.2 15.8 | 8.9 16.1 | 7.s| 17: 
11.9 18.1 9.9. 20.1 9.8| 20.2 8.4 21.6 
12.9 | 22.1 | 10.6 24.4 | 10.5| 24.5 9.1| 25.9 
13.9 | 26.1 | 11.2 28.8 11.4. 28.6 9.6| 30.4 
14.7 | 30.3 | 11.9] 33.1 12.0) 33.0 | 10.1. 34.9 
15,2 34.8 | 12.5, 37.5 | 12.6 37.4 | 10.6 39 
E 
m 
8 2 L2 20 2a 26 32 36 
MEAN CUMULATIVE CORRECT CHOICES PER Five TRIALS 


Vic. 6. Cumulative curves of learning based on five 
trial units. 
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s ve reached 
by the third day all four groups have terest 


quite comparable performances. It is ws to 
ing to note that the HF group 1S . ^. this 
the OC group on the very first we 
superiority lies almost exclusively in t the frst 
five of the ten runs for the day. On ry 6 pet 
tive runs the difference is approximately 
cent. . 
The curves drawn on the basis of 
breakdown are given in Figure 2 
five runs of the day are given in th 
of the abscissa unit; the second five e 
second half. Thus, between the two p the 
given daily unit the elapsed time 
order of minutes, whereas between t 
half of one day and the first half 9 5 is P% 
there elapsed almost 24 hr. PERT is seri 
sented primarily to indicate the cur! y durite 
tions in the curve for the HF in dre" 
the first three days. This phenomena i 
attention. because it had been pes i 
preliminary experiments. In both m 
appeared most clearly in the HF re uel 
While no attempt will be ma vigurt ^ 
Statistically the data illustrated in proces 
they are clearly suggestive of the give : 
underlying the total-score rentis gr ue 
Table 1. The OC is the slowest learnt? he " 
and the HF the fastest. The NC P in ate" 
are indistinguishable in their lear! aa pp 
but both are superior to the OC gro arnih? 
surgery as such decelerates 
process, but the LF group which, 
operated, does as well as the norma’ 


a five rh 
The first 
e first Ml 
uns in th 


nif 
mu 
: , : vorrect V! o 
Ratio of Cumulative Incorrect to Cor jai 
i cum’ he 
agains” oct 
aga corte : 
in pus 


It is of interest to plot the 
average number of correct chome 
cumulative average number © cunis: 
choices. This was done for every e point af 
the co-ordinate values of the urs valu& s. 
each curve sum to 5; the Loaeeperd S 
the second point sum to 10; the un ple 3 # i 
etc. (6). The results are shown in m " M 
Figure 6. The fifth curve repre ing ! B 
results of tossing 15 coins and cumul? avers 
average number of heads and the ná 
number of tails for every 5 throws u 
throws had been made, f 

Here it is seen very clearly that the T a 
the NC groups are indistinguishable we 
occupy a position almost halfway Met ài 
that of the OC and the HF groups. The ¢ 


anm 
ant 


BRAIN STIMULATION AND LEARNING BEHAVIOR 31 


fo 

pe 2 pin of animals were so stable 
em. If we ieetded to derive equations for 

rors on he ae the number of cumulative 
tive eee aoe and the number of cumu- 
ost general choices on the x-axis, then the 
tation betwe statement which embodies the 
ive form j en the two variables in quantita- 
is the derivative 


9 dE k 
Where p; an C 
Nise s average number of incorrect 
LN J the average number of correct 
*Sserts q} nd k is à constant. The equation 
t hat the ratio of the increase of errors 


Correc 

ct choice, 

‘Swe e choices becomes smaller and smaller 
Out on the x-axis. Integrating, 


E= kloggC +K, 


izing ipd constant. 

he method of least squares, the 
d "ers k and K were calculated for each 
“J groups. The equations are, re- 
, 


k= 


ie N 
» EX 
NAM 


(4) 
Where Rts 


Uti] 
Day 


FPectivel 


N N 
Diog c) — YE; log CN 


Wh 
(i lere. N s i 
Bot the number of points on the curve 


ro 2 E; is the number of cumulative 
“ber point i on the curve, and C; is the 
Doing „Of Cumulative correct choices at that 
iu TM he values of & and K for the four 
it jg. AT given in Table 4. The accuracy of 
Shown in Fig » 
ot. Shard} its x : 
Y te abiti Y worth while to raise the question 
ji ever Y regarding the set. of four curves. 
Sly to shortcomings exist in the data are 
nb ls be of a systematic rather than of a 
qo, e nature. However, as a point of 
s Xribe ogy, the following procedures are 
Sy ila ed for the purpose of determining the 
Ths e rity of two empirical curves when only 
ay, ordinates of the points are given. No 
Pt will be made here to give proof. 


- 


TABLE 4 
Parameters for the Curves of Best Fit ior Each of the 
Four Groups 


WEAN CUMULATIVE INCORRECT CHOICES 


o 4 8 2 w 20 2 38 3X  * 
MEAN CUMULATIVE CORRECT CHOICES PER FIVE TRIALS 


Fic. 7. Theoretical curves based on the parameters 
given in Table 4. The obtained empirical values are 
shown for three of the groups. 


Let there be two sets of data a and b em- 
bodied in the graphs a, and b. Determine 
the mathematical function of best fit for each 
of the two graphs and calculate the necessary 
parameters for each. Let the corresponding 
mathematical functions be termed, respec- 
tively, ay and b; . Then calculate the values for 
the dependent variable in set a by means of 
the mathematical function a; and let these 
be named Y'iaa Similarly, calculate the 
values for the dependent variable in set b by 
means of the mathematical function 5;, and 
let these be named Y'a». Compute the vari- 


ance of estimate for set a, namely, 


P 
Xs = Vas) 


O est(aa) = 


and for set b, 


= P in) 


2 
Fai = m N 


where .V is the number of points in the graph. 


Interpreted in the context of the present 
investigation, 1 faa IS the ith cumulative error 


score in group d predicted from the ith cumu- 
lative correct score in group a by utilizing its 
"regression equation," i.e., Eaa = Re log 


Analogously, Y'a, = Kk, log Cis + 


own 


Cia + Ka- 
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Ay. If the ratio c*.,,,, o% is not sufficiently 
small—say, somewhere between .01 and .10 
the mathematical function does not fit the 
data very well, and legitimate doubts may be 
raised regarding its usefulness. Similarly, as 
regards the ratio 6?,.,05,/0*, . 

If the mathematical functions a; and 5; fit 
their respective data satisfactorily, we proceed 
to determine whether the two functions are 
significantly discrepant. Let 


y 


Be 


(Ya — Y'a 
df 


be an unbiased estimate of the mean square 
"discrepancy, calculated for many replications 
of the experiment, between the actual values 
in set a and those predicted for it by the cor- 
responding mathematical function a;. Analo- 
gously, let 


S estlaa) 


Sext(ba) = 


be an unbiased estimate of the mean square 
discrepancy, calculated for many replications 
of the experiment, between the actual values 
in set b and those predicted for it by the 
mathematical function a;, where V'ama 
kaCo + Ka. That is to say, the cumulative 
correct scores in experiment b are used for 
predicting the cumulative incorrect scores in 
that experiment, but the parameters derived 
from experiment a are substituted in the 
equation. If the two mathematical functions 
d; and b; are comparable to an acceptable 
degree, then the actual values in set a and 
those in set 6 will be predicted equally well by 
mathematical function a; . Similarly, the two 
sets of actual values would be predicted 
equally well by mathematical function b;. An 
index of the discrepancy between the two 
empirical curves is provided by forming the 
ratio 


S'estiba)/ Sest(aa) 


This ratio, in the null case, will be distributed 
as F with the appropriate degrees of freedom. 
In the context of the present report df = NX — 
2 = 8, since two parameters are involved in 
the mathematical function used. . 

In the present experiment, all comparisons 
except that between NC and LF were signifi- 


cant at beyond the .01 level. The NC and LF 
comparison is significant at slightly less thi? 
the .20 level. From this we conclude that H 
OC group was the slowest to form the od 
crimination habit, and the HF group pu 
fastest. The NC and LF groups were d 
distinguishable one from the other and pe 
located roughly halfway between t sk 
extreme groups. From these results We : m 
the tentative inference that speed of forma " 
of light-dark discrimination habit is ijo s 
by both repetition rates, but more by the ¥ 
than by the slow. 


DISCUSSION ? 
p ackcwhite 4% 

In these experiments the black-w)! 4 dl 
crimination habit was made the ob]& the 
study because of the relative simplicity ? tio" 
behavior involved. In an earlier investige 
(4), a three-unit maze was used, but in wt. 
differences were so great that the anima “ 
all trained in a given maze pattern pe jn P 
surgery and were subsequently made (0 | in 
a reversal of the original pattern while $ nap 
lated. Although this maneuver insurec r the 
a greater homogeneity among the rats inl | 
start of the experiment proper, it poo 
pretation of the results difficult, since ! 
involved not only the acquisition % s 
pattern but the breaking of an old One TIE 
was recently and fairly firmly establis iv pos 
results obtained with the discrimina ‘ 
are certainly easier to interpret. re ol n 

A factor which would be in the ns pilit 
systematic error in this study is the por juc 
that the brain stimulations actually pre an 

3 x oy s animals 
pain reactions —"'hurt the an 
that the amount of nociception was d 
of the repetition rate of the app diis Y 
stimulation. Thus the HF group, " 
true, would be hurt more than the ^^ 
and the 25-sec. delay with the power 
on when the incorrect box was chow. 
merely serve as a more intense "punt n ih 
for the HF group than for the LE- get 
better performance of the former grouP 
merely illustrate that degree of punis i 
relates to speed of learning. ip 


ne“ 


à pidh 


This possibility was kept in mind from an 
very onset of the series of experiment? yin 
every effort was made to obviate it by * pe 
the power level of the field sufficientlY 
to evoke no overt behavioral reactio™ jV T 


yet no lower than necessary, Carefu 


| 


1 obse | 


t " 
| ou niis running to the choice 
“the delay int ie while waiting therein during 
| Simulation inii revealed no indications of 
hat the See. in rare instances. The fact 
č cerebrum : s penetraied 1102 mm. into 
Sept for abo ig. 2) and were insulated 
Mente to el 1 mm. at the tip lends 
“Dlors were he belief that probably no re- 
hile Stimulated 
tots are ne results expressed (a) as total 
a Errors not statistically significant and (b) 
they, he day, are probably not significant, 
wi ap that the HF group improved 
Peed or ee the LF group next, the 
| Tae its arning in the latter being such as to 
horma] Performance equal to that of the 
Nalistical r group. It remained for the 
Neo rect _ treatment utilizing “cumulative 
Nh ue TAN runs" to bring out clearly 
3$ merely indicated by the other 
iin a The results expressed in this 
È icult to dis. Stable and consistent that it is 
f tly in vie Ismiss them as artifactual, particu- 
: a ma a of the fact that it was possible to 
Sis ematical function to each with a 
cy Was d [am ratio. For the OC group 
een, on the NC group, 003; for the 
tiye We Biv ; and for the HF group, 028. 
ta € the results reported here tenta- 


the Ceptanc, : 
i peti ance, we have some evidence that 
n Ersin Mon rates of the impulse volley 
ASS he & the synaptic systems in the cerebral 


Dr Nas a : 
"Ces. 3 bearing on the rate of the lea 


ts is né objective of these series of ex 
ej Sls Show that, for a given duration of 
Varies Se volley, the value of e in equation 
elit 39 some direct function of the 
Tate, provided the rate does not 
he limit of relative refractoriness. 
are series of 
whole spectrum of 
ol 


rning 
peri- 


Anal at the bottom.? 
ui, Ogously i i 
y reg gen y, series of experiments are Te- 
t í > 

lley fe which the frequency of the impulse 
r S fixed but its duration altered sys- 


bap, When . 
No Plo Gulliksen-type of analysis is used, the 
tha te? & in equation + becomes inversely. related 


Parameter e in equation 2. 
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tematically from a minimum to some upper 
value. We should then expect a family of 
curves whose level would vary as a rather 
complex function of the duration. Depending 
on the frequency used, the curve heights 
might very well diminish as the duration 
increased up to some value of the time, and 
increase thereafter, to the limit of random 
choice. 

It would seem, however, that to explore 
systematically the various combinations of 
repetition rates and volley durations will 
require a type of behavior that is even simpler 
than that offered by the discrimination box. 
Possibly a suitable adaptation of the Skinner 
apparatus will serve the purpose. 


SUMMARY 


1. An experiment is described in which the 


cerebrum of the white rat is stimulated while 


the animal is in the process of forming a 


black-white discrimination habit. 

2. Two repetition rates, one of 75, sec and 
other 300; sec, were used. Evidence is 
presented that both the higher and lower 
frequencies accelerate the rate of forming the 
habit, with the higher frequency. giving the 
greater effect. 

3. A sketch of the theoretical framework, 
gical in nature, underlying the 
s given; the results reported lend 
to the hypothesis advanced. 
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TIME ERROR IN TACTILE SIZE JUDG 


! 
‘ 

| 

\ 
3 


TING BRAIN. 
MENT AFTER PENETRATING BR 


INJURY: 


SIDNEY WEINSTEIN 


Psycho physiological Laboratory, New York t "niversily—Bellezue Medical Center 


Most studies of Sensory function after 
cerebral lesion are concerned with changes in 
sensitivity irrespective of temporal relations 
between stimuli. However, significant changes 
in function may be revealed if one studies the 
temporal course of sensation and the interac- 
tion of multiple stimuli in time. Such studies 
are rare, especially in work on subhuman 
primates. One exception is the delayed re- 
‘sponse test, in which duration of interpolated 
delay is the crucial variable in demonstrating 
inferiority of monkeys with bifrontal lesions to 
those with other brain lesions. 

In an earlier study (6), the author has 
demonstrated that successive comparison of 
weights results in greater negative time error 
(overestimation of the second of two equal 
weights) in men with parietal lesion as com- 
pared with a control group without brain 
injury, or a group with brain injury exclusive 
of the parietal lobe. In this study it was also 
demonstrated, for the first time, that the 
negative time error for weight judgment ob- 
tained on unilateral stimulation (ie., either 
hand alone) significantly exceeds that obtained 
on bilateral stimulation (i.e., both hands). 

Further investigation of the problem of time 
error in size judgment was undertaken since 
deficits in size and weight discriminations were 
earlier shown to be dissociable after brain 
injury (4, 5). The objectives of the present 
study were threefold: (a) to determine the 
normal time error as a function of duration of 
interpolated time, and of unilateral or bilateral 
stimulation, (5) to compare the effects of locus 
of brain lesion, and of somatosensory status 
following brain injury on the time error, and 
(c) to compare the results with those reported 
earlier for weight judgment. 


METHOD 

The 5s. apparatus, and procedure are described in 
detail in earlier studies of weight and size discrimina- 
tion. (4, 5, 6), and are summarized below. 


study is a 


1 The program of research of w h this New 
part is supported by the Commonwealth Fund of T. 
York, and by the Office of the Surgeon EC ES 
partment of the Army), Contract DA-49-007-MD-312. 


Subjects "E 
E " con! 

There were 30 brain-injured Ss and = group d 

without brain injury. Half the brains the hanc i 


evidence of somatosensory impairment o! s 
the control group, half had injury ae inj 
nerves supplying the hand, the other hall, 
peripheral nerves of the leg. -— s 
Division of the 30 brain-injured Ss was group. we 
on the basis of the lobe injured, e.g. me obe, ” 
divided into those with injury to the frons itl 
those with brain injury exclusive of me other 
The group was similarly subdivided for Te red gr 
For analyses based on locus, the d z 
were compared with the combined con 


a 
1p« 
rote 

E 4 a means O, g 
scriptions of the population and of m: of lesion 
mining somatosensory status and NE 3 
given in carlier publications (2, 3, 4. 5, 


am 


Experimental Design 


" ize jue 
The experiment comprised tactile is ji. 
between two identical bronze cylinders ay Mm 
31.5 mm. in diameter), presented suec ed inter he 
supinated palms, with varying interpo view one at 
These stimulus objects were hidden from nt cons an 

duration of contact with the palm was ee t 
1 sec. At no time was S informed of the ere empl? 

objects. Three conditions of stimulation ] alone, a 

(a) affected hand alone, (b) normal hand ns pu. 
combination of the two bilateral eu foll 
parison stimulus applied to affected fected, 
application of the standard to the una sired 
converse. In each condition S NIS: er. object 
whether the comparison (second) stimulus dr 


ü 
larger or smaller than the standard (ae eter” jl 
The five time intervals interpolate 4 ites 
standard and comparison stimuli were: h T [uu a 
5 sec. All five intervals were used in eac 68, mak 
conditions, and each was repeated five NES unila i 
total of 100 judgments for each S (25 for ions ,AP j ur 
and 50 for the combined bilateral conde a al 
mately 8 sec. elapsed between each juc T. pait. 
onset of the standard stimulus of the nex 
RESULTS en! 


im 
pet p 
inci j i is exP ^, iol 

The principal comparisons in this som ati 
were: (a) Condition of stimulation: $ nei a 
of affected hand alone, normal hand à n 


bilateral presentation of stimuli. (5) ^" w 
interpolation of 0.1, 1, 2,3, or 5 sec. © 
standard and comparison stimuli. (©) € " 
a brain-injured group with somato? 
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EJ AFFECTED HAND 
ll NORMAL HAND 


E BILATERAL 
t 
9 60 
t 
t 
w 
4 
H 
E 
LI 
50 
40 
CONTROL TOTAL FRONTAL NON PARIETAL 
BRAIN FRONTAL 
INJURED 
Fig 
jl. 1, Pe 
"jured gr Per cent mean time error. Results are shown for the 
ition SFOUPS. Means are given for the unilateral conditions ( 


“Ui time errors greater than 50 per cent 


Der 

phe 

(a) i nerve injury of the arm Or leg. 

inje 5 frontal and mnonírontal brain- 

inju Parietal and nonparietal brain- 
Fed, ete 


M the Time Error 

Negative rage time error for all groups was 
N ted, (Fig. 1). Only that of the brain- 
hh ,, 'Onsensory group, and of the temporal 
ft Ss oup failed to reach significance. Of the 
K thas po estimated the size of the second 
trop) $ 10 a significant degree (negative time 


Ondin: 

Ui Ju 

Bian of Stimulation 

« h 

il t tes groups and intervals were combined, 
As c Conditions of stimulation (unilateral 


uw, Ell a ‘ . T 
ors as bilateral) produced negative time 
b Significantly greater than chance 


Ng 001), Bilateral stimulation produced 
“ther antly fewer negative time errors than 
the d affected hand alone (p < .05) or 
b < eee hand alone (p < .02). (F = 3.03, 
this x cf. Figs. 1 and 2.) An exception to 
"eg, neral finding, discussed below, was the 


t 3 
: Obtained for the frontal group. 


Hey. : 
"'al-Cojdition Interaction 

, he : conditi 

hi, a all groups and conditions were com- 
; the three longer intervals (2, 3, and 5 


are negative, t 


l 40 


NON TEMPORAL NON OCCIPITAL NON 
PARIETAL TEMPORAL OCCIPITAL 


specific lobe injured and the complementary brain- 
affected hand and normal hand) and bilateral con- 
hose less than 50 per cent are positive. 


sec.) each produced negative time errors 
significantly greater than 0.1 sec. (F = 
297, p < 05; the ts resulted in p values 


ranging from «402 to <.001.) These time 
errors were also significantly greater than 
chance (P < .01). However, comparison of 
conditions revealed significantly differentia 
effects of the intervals (F = 2.17, p < .05; cf. 
Fig. 2). Thus, the intervals produced no 
differential effects on the time error for bilatera 
stimulation. However, for both unilatera 
conditions, the greater the interval, the greater 
the negative time error. This tendency was 
demonstrated by significant differences be- 
tween the following intervals. On stimulation 
the affected hand alone, the 5-sec. interva 
a significantly greater negative time 
error than 0.1, 1 sec. (p < .001), or 2 sec. 
(p € 05); the 3-sec. interval produced a 
significantly greater negative time error than 
0.1 sec. (P € 02) or 1 sec. (p < .01). For the 
normal hand 1, 2, 3, and 5 sec. each produced 
greater negativity of the time error than 0.1 


sec. (p € .001 for 1, 2, and 5 sec.; p < .01 for 


3 sec.). 


of 
produced 


Differences among Groups 

The presence or absence of somatosensory 
defect did not differentiate brain-injured 
groups from controls or from one another 
with regard to the magnitude of the negative 


time error. When the groups were divided 


CONTROL —---- BRAIN-INJURED. 


AFFECTED HAND 


E chonce levei 1 


TIME - ERROR 


‘chance level: 


INTERPOLATED INTERVAL IN SECONDS 


Fic. 2. Per cent time error as a function of inter- 
polated time. The functions shown are for control and 
brain-injured, and for the unilateral conditions (af- 
fected hand, and normal hand) and bilateral condition. 
Points below the chance line (30 per cent) represent 
negative time errors; those above are positive. 


according to the locus of the brain lesion 
(Fig. 2), there was a significant interaction 
between group and condition in one of the 
comparisons, i.e., the one between frontals, 
nonfrontals, and controls (F = 3.95, p < 01). 
When either affected or normal hands were 
stimulated alone, time errors for both controls 
and nonfrontals significantly exceeded chance 
(p = .051 for affected hand of nonfrontals; for 
all others p < .01). For the bilateral condition, 
however, neither group had a significant time 
error. The frontals, however, exhibited the 
opposite pattern. They showed à significant 
time error for the bilateral condition (P « .02), 
but not for either of the unilateral conditions. 
The intergroup differences were consistent 
with these results. Thus, whereas the frontals 
demonstrated a significantly greater time 
error in the bilateral condition than the non- 
frontals (p < .01), they showed a significantly 
smaller time error than the nonfrontals for the 
normal hand (p < .05), and a significantly 
smaller time error than the controls for the 
affected hand (p < .05). The intragroup com- 
parisons of the conditions likewise showed the 
nonfrontals to have significantly less time error 
for the bilateral condition than for the affected 
hand (p < .05) or the normal hand (p < .01); 
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the frontals tended to show the reve? 
relationship (p = .051). 

Correlations between the mean jlatera 
unilateral conditions and that of the Bus 5 
condition yielded r's of: .39, .04, and trols 
for the frontals, nonfrontals and Co ill 
respectively. None of these is significant 
greater than chance. 


of the 


DISCUSSION hat the 
It is clear from the present study l bete?! 
are differences as well as similarities diti 
the effects of brain injury on the abi 
judge size and weight. ] "T 

In the present study, the sign 0 Iles 
error was generally negative a er is, 
presence or absence of brain injury, i be consist 
size of the second stimulus object ue : jist 
ently overestimated with regard to tactile 
This finding closely parallels that sud me? 
weight judgment (6), as well as for JUS 
in other modalities (1). Ji 

The finding that time error dum MI 
unilateral stimulation generally exce also 
obtained on bilateral stimulation Ji eight 
agreement with the earlier study ‘ty gro 
judgment (6). According to that dee did nol 
differentiated by somatosensory -— "E 
differ with regard to their time error pou! 


ies 
e time 


ol 
the 


? 
ned A 
that 


NIBUS 
present study, too, groups with y^ dà vitl 
somatosensory defect did not di : 
regard to their time error. . jiffere™ | 

There are also some major C17, ant 


y 
between the results of the present sim veig 
those of the study on time error oe le 
judgment. First, despite some aq" , fo 
of the r’s between the mean time d ant 
Size and weight judgment exceeded ral!" 
levels for LE 


c wel 

im" 
error in the present study. Thus, 25! ; sis 
other possible differences in weight al nol 
discrimination, time error for size, e ? 
weight judgment, is dependent upon T itio 
course of stimulation, at least for the conc «ttl 
studied. Third, whereas those with par ef 
lobe lesion demonstrated significantly 8° 
negative time errors for weight judgment! rhe 
a group With brain injury exclusive 9 yol 
parietal lobe, or a non brain-injured con 


| 
| 
| SIZE JUDGME? 
i 


gro à 
| d vp ad for tactile size judgment 
without oe differentiate groups with 
Ot size ; ion to the parietal lobe. In fact, 
fronta] ienen, the group with injury to the 
all olhērs aS significantly different from 
thangeq deoa difference was reflected in a 
ad bilateral ionship between the unilateral 
Ontrols ee conditions of testing. For the 
Unilateral nonfrontals time error obtained 
tained on bil stimulation exceeded that ob- 
trated 4 ateral testing; the frontals demon- 
tis dee pattern. 
a sind to relate these findings to those 
A, since ium on effects of brain injury in 
s Never i nilar investigations are so rare. 
a eari © present experiment may have 
Ptimateg ing on certain studies of subhuman 
Onkeys sere are numerous reports that 
m Ma bifrontal lesion are defective 
ittea a, response testing, the deficit 
Stug, "8 with duration of delay. The present 
EM i. demonstrated differential time 
dig c des a function of duration of inter- 
er "av. The presence of significantly 
s with 


als 


t esion à 

A ain ‘on as opposed to control or nonfron- 

a ) ee groups may reflect. impair- 
mi ural mechanisms in man, which are 


Mist it 
n the 9 those underlying delayed response 


Ower ccs 
wer primate. 


SUMMARY 


m 
tel dor nis between the supported hands, 
at Pica hand alone, on estimation of 
S of ies size, were determined for four 
d Crang ss each. These groups consisted 
ha Conseg with: (a) traumatic brain injury 
wa luent somatosensory deficit of the 
Ney Som; traumatic brain injury without 
iy; Ve oe deficit, (o peripheral 
nity o di of the arm, (d) peripheral nerve 
he brain i he leg (controls). Other divisions of 
Ng us 1 nyured Ss were made on the basis of 
nt €Sion; i.e., frontal, and brain-injured 


an, 


i M 
En Ohtal i i Sa 
1 groups, parietal and nonparietal, 
ty, bree eskai . . 
i, Plo ec onditions of stimulation were 
ys 
A vely 


af à) n, Stimuli were applied succ 
i me, : rmal hand alone, (5) affected hand 
| IM nd (c) the comparison stimulus was 
les ‘ to one hand following application of 
Vere ®ndard to the other hand. Five intervals 


Mterpolated between the standard and 


" 
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comparison stimuli in each condition. These 
were: 0.1, 1, 2, 3, and 5 sec. 

Time errors were generally negative for all 
groups and under all conditions. However, 
errors obtained on unilateral stimulation of 
either affected or normal hand were signifi- 
cantly greater than those obtained on bilateral 
stimulation when all groups were combined. 
For the bilateral condition there were no 
significant differences in time error among any 
of the interpolated intervals. For stimulation 
of either the affected or normal hands alone, 
however, the greater intervals produced 
significantly more negative time errors than 
the lesser intervals. 

None of the groups classified on the basis of 
somatosensory status produced significantly 
different time errors from any other group so 
classified. Those with lesion of the frontal lobe, 
however, demonstrated a significantly different 
pattern in their time error functions as com- 
pared with nonfrontals and controls. Controls 
and nonírontals demonstrated significant 
negative time errors for both unilateral con- 
ditions; their time error for the bilateral 
condition was not significantly greater than 
chance. The frontals, on the contrary, had a 
significant negative time error for the bilateral 
condition, but not for either unilateral condi- 
tion. This difference between groups with and 
without frontal lesion may reflect interference 
with neural processes similar to those involved 


in the delayed response performance of frontal 


monkeys. 
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HOARDING AND AGGRESSIVE BEHAVIOR IN RATS 


JOHN S. STAMM! 


California Institute of Technology 


The results of a previous investigation (4) 
Showed significant differences between the 
hoarding behavior of two inbred strains of rats 
—a group of black-hooded rats started hoarding 
sooner and collected more pellets than did a 
comparable group of Irish rats. However, con- 
siderable individual differences were also found 
for the hoarding scores within each of the 
strains of animals employed. The present in- 
vestigation is concerned with individual differ- 

“ences ina genetically homogenous group of rats 
and explores the hypothesis that hoarding is 
related to aggressive behavior of rats. 

The factor of aggression in the hoarding 
situation is suggested by Weininger (5), who 
found that dominant rats accumulated more 
food pellets than did their submissive cage 
mates, and by Hess’s findings (2) that the 
hoarding performance of shy rats differed from 
that of non-shy animals. However, these inves- 
tigators did not specify the strains of animals 
which were used in their investigations. Genetic 
differences in aggressiveness were investigated 
by Hall (1) who concluded that “the basic 
determiner of fighting is a genetic one” (1, p. 
311). Hoarding activity in a genetically 
homogenous group of Ss may therefore be un- 
related to the aggressive behavior of the ani- 
mals, and the present investigation will show 
that these two variables are independent of 
each other. 


METHOD 
Subjects 


The Ss, 20 female and 16 male rats, were the progeny 
from the matings between inbred strains of black- 
hooded and Irish strains, respectively. Thirty-four Ss 
were horn to black-hooded and 2 Ss to Irish mothers. 
The parent rats had been used in a previous experi- 
ment (4). The Ss were born in 7 litters, were weaned 
at the age of 5 weeks, and were then raised in group 
cages of male and female rats, with 4 to 7 in cach cage. 
At the start of the experiment the Ss were between 155 
and 190 days old. They were weighed at approximately 
weekly intervals. 


! This investigation was supported by a grant from 
the Hixon Fund 
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Procedure 


ups 

Hoarding trials. The animals were in iwo mM 
for hoarding trials. The first group gonest The 
female and 8 male rats; the second one, 8 mtn s 
latter group was placed in the hoarding ORE nt: sis 
days after the first group started the expert vere PM 
days prior to the first hoarding trial the 55 miel 
into individual cages and were placed on TE ay 
feeding of two Purina Lab Chow pellets OPPE 5 


oximate” 

15 gm.) daily, Hoarding trials were con” TELA 
individual closed alleys which were similar ys wel 
Previously described (4), except that the «o we? 
only 30-in. long. Each daily 20-min. hoarding was DT 
preceded by a 40-min, feeding period, when “were 
mitted to eat two pellets. Hoarding trials es sho" 
ducted for cach S until its daily hoarding sr eee 
no systematic changes for a period of 12 M per 
days. The mean number of pellets collecte" ife "m 
during these 12 trials was taken as the hoar 
for each rat. 3 
After termination of its hoarding tria 
placed in a different individual cage, C ia 
mitted unlimited feeding until the start of 
sion experiment. 

Aggression trials. Aggressiv 
the basis of fights between pairs 


T 
Js each 9 yt 
jtm is 
aget 


0 
pmine a 
termine vet 


eness was de 


pits Oa 
of hungry P, da? 
gan pouf 


food pellets. The aggression experiment beg ments ^s 
after the start of the first hoarding eab ae fem? a, 
groups of Ss were set up, each consisting ° i hor 
and four males, according to the onset sath [D e 
The Ss in group A started hoarding por f, deo 
and 3, those in group B between trials j^ ib grou 
in group C between trials 8 and 22, and 55 de 
between trials 18 and 27. sion trial " 
Three days prior to the first aggresst ration fe Ü 
animals were weighed and placed on senh rente o0 


ing. During the aggression experiment E Primate d 
keep the weight of each S between appro light p 
and 93 per cent of its predeprivation from dif 
fight was between two Ss of the same seeressiO” rr 
ent hoarding groups. Each .5 had ele with di! 

sive days. It im the is 


per day for five suc 4 
ent rats on consecutive days, and duri . 
trials it was paired with Ss from each ¢ r " 
"roups. . placet 
: As the start of a trial the two Ss were un 

wire-screen enclosed wooden box with a had yet 
by 22 in. and a height of 10 in, After the : q pellet ie 
the box for at least 10 min., Æ held a food T pos 
tween them until both Ss had their teeth c 
ends of the pellet. The rat which after S UR wi 
took possession of the pellet was considered t 725 
of the bout and was permitted to hold it M 
If the loser of a bout pulled the pellet away 3 

winner, the former was considered the winner * 


i 
1 il 
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ond bout, Tr 


tems n order to reduce stereotyped behavior pat- 


bouts pae by Seward GB). a maximum. of four 
Yan P ae Ld consecutively. This was followed 
ee or four be ael to 10 min. When a rat had won 
bmissiye outs in a row, the pellet given Lo its 
opponent, and the bout terminated 
aggressor took possession of the pellet. 
given a score of 1, the 
ion trial consisted of ten 


rape 
er a Winner of a bout v 
by Score of 0. F 

during the last three 
e. 


uts, TI ch aggre: 


s 


i 0 

e aggression score. The Aggression SC 

ad a ra h cale 

i ag 1 range from 0 to 30, with a mean of 15. 

fas ggression score for cach of the four groups 
5 computed, 


als Wag 
Ss 


Hoarding RESULTS 
Th 
© medi; - 3 ; Š 
* four edian trials of onset of hoarding for 
V 3 [ H LU 
ny Wathen cee of Ss are shown in Table 1. 
Served T differences on this variable were 
à etween the male and female Ss 


Seas 
e Li 


Mediz 
for plan day for onset of hoarding was 8.9 
Malysig males and 8.0 for the females. An 
the hg variance for onset of hoarding of 
: X groups yielded an F ratio of 179 
0D, which shows that the Ss were 
non- 


lu, Pan number of pellets collected per rat 
NU o k 12-trial period. The mean hoarding 
fe Pal the female Ss was 54.2 (6 = 13.5), 
Peles * the male Ss it was 48.2 (o = 15.1) 
jns , ce the difference between these 
t wag Ielded a / ratio of only 120 (P 7 10), 
Male. Possible to combine the data for the 
Ay he ine 5s. The mean hoarding scores 
Wl 3 alysi groups of Ss are shown in Table 1. 
Tee m of variance of hoarding scores for 
he Tanke yielded an F of 2.07 (p > 05). 
me order correlation coefficient between 
Als magnitude of hoarding lor the 36 


$ Wa " A 
Pa] 'S 40 (SE = 46), which indicates a 


Te] 
LM 


J d ms ` 
Ut significantly larger than Zero» cor- 


ebwee : 
tween these variables. 


S aggression score is based on the re- 
In 
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us 
N 
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trial. The product-moment correlation. be- 
tween these sets of scores for the 18 pairs was 
730 (SE = .106). This correlation might also 
be an expression of dominance-submission rela- 
tions which were set up during the first trials 
and then persisted during the second fights. 
li these relations had been established, one 
might expect à bimodal distribution of ag- 
gression scores, i.e., most Ss would have either 
low or high scores. The distribution of aggres- 
sion scores was, however, unimodal and indica- 
tive of a normal curve 11 Ss scored between 
1and 12, 12 5s scored between 13 and 17, and 
13 Ss scored between 18 and 26. It may there- 
fore be concluded that the method for conduct- 
ing and scoring aggression trials was reasonably 


reliable. 
The mean aggression scores for the four 


groups of Ss (Table 1) show no marked or 
systematic differences among the groups. An 
analysis of variance of these scores yielded an 
F of 1.78 (p > 05). The rank-order correlation 
ficient between onset of hoarding and ag- 
gression for the 36 rats was .033 (SE = 176), 
and the corresponding coefficient between 
amount of hoarding and aggression was .007 
(SE = 160). 

Since fighting ability may depend on both 
the rat’s weight and its weight loss during dep- 
rivation, £ at tempted to control these variables 
during the experiment. At the start of the ag- 
gression experiment the mean weights for the 
four male groups were between 190 gm. (group 
A) and 263 gm. (group C), and for the females 
they were between 182 gm. (group A) and 202 
gm. (group B). There were also no substantial 
differences among the mean weight losses of the 
groups, which were between 8 per cent and 10 
per cent of the groups’ predeprivation weights. 


coe 


TABLE 1 
Mean Hoarding and Aggression Scores of Four 
Groups of Rats 


Hoarding 


Group Onset Mean d n 
(Median Number ES S 
Day) Pellets Trial 
\ 2 60.5 
B 5 52:5 
p 15 4.6 
D 24 48.9 


DISCUSSION 


The Ss used in the present investigation 
were the hybrid from two pure strains of rats. 
The Ss may therefore be considered genetically 
identical, except for sex differences. The genetic 
factor in hoarding is supported by the findings 
that the male and female groups did not differ 
significantly in their hoarding performance, 
and that the mean hoarding score for the total 
group of Ss was approximately equal to that 
of the high-hoarding parent strain and was 
significantly higher than the hoarding score 
for the low-hoarding parent group (4). How- 
ever, the scores of onset of hoarding for the 

. present Ss did not appear to be related to those 
obtained for either of the parent strains. 

In the present investigation several experi- 
mental variables were held constant, such as 
genetic background, weaning time, the up- 
bringing of the Ss prior to hoarding tests, the 
period of isolation of individual Ss, the degree 
of deprivation, and the experimental arrange- 
ment. The possibility was also considered that 
individual differences in hoarding and aggres- 
sive behavior were related to differences be- 
tween litters. The Ss from two litters showed a 
tendency to be late hoarders; ten of these rats 
were in groups C or D, whereas only three of 
their littermates were early hoarders (groups 
A or B). However, there were approximately 
equal proportions of early and late hoarders 
among each of the five other litters. Moreover, 
an analysis of the aggression scores did not 
reveal any relationships between aggressive- 
ness and litter origin. 

On the basis of the present investigation, it 
may be concluded that, in a group of geneti- 
cally homogenous rats, there are considerable 
individual differences in both the onset and 
magnitude of hoarding, but the variables of 
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" š n not I 
hoarding and aggressive behavior are 
g EE 


lated. 
SUMMARY 


The Ss, 20 female and 16 male rats, sabre 
progeny from the matings between n m be 
Strains, which had previously been foun sca 
high hoarders and low hoarders, Tp ur 
The Ss’ hoarding performance and agg" pet 
ness were determined in independent ól the 
ments. Aggression scores were based ts, Th 
outcomes of fights between pairs of ‘hoa 
amount of pellet collection during the : of tle 
trials was approximately equal to eod 
Ss’ high-hoarding parents. Scores tOr to thos 
hoarding, however, were not related perve?! 
of either parent group. The correlation t 
onset of hoarding and aggression was +` 
the correlation between amount 0 
and aggression was .067. . 

It was concluded that, in M 
genetically homogenous rats, there st fof 
siderable individual differences in ding. ut 
both the onset and magnitude of hag pt 
these were not related to the aggre? 
havior of the .Ss. 
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to oth male and female animals, while 
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; Yerkes (16), Nowlis (14), and Craw- 
i studied male-female and female- 
51n a competitive feeding situation, 
that subordinate females often ob- 
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THE INFLUENCE OF SEX HORMONES ON SOCIAL 
IN MONKEYS! 


BEHAVIOR 


ALLAN F. MIRSKY? 


Yale Unicersity 


female combinations (23 of 45) were discarded 
because the "iypical" effect (ie. the male 
dominates the feeding situation except. when 
the female is in estrus) was not obtained. 
Crawford (9) found a reliable increase in 
food scores of subordinate members of female 
pairs during their maximum estrus phase in 
6 of the 16 pairs he studied. 

it is questionable whether the phe- 
Birch and Clark may 
be generalized to include all chimpanzees, it is 
also questionable whether they apply to all 
primates. The present study was designed to 
investigate the effects of gonadal hormones 
on dominance behavior in another primate, 
the rhesus macaque (Macaca mulatta). 


only 
Since 
nomena described by 


M IOD 


is experiment two groups of five ani- 


In Part 1 of th 
in Part 2, four groups of two. 


mals were studied; 
Part 1 


Subjects 


; one con- 


oung macaques were us 
s, Miriam, Esther, Naomi, Ruth, 
Al, Les, Hal, Frank, Gene. 
All animals had been gona lectomized at least two 
months prior to the experiment. The animals in each 
group were housed either together in a large group cage 
of dimensions 8 ft. by Hz ft. by 7 ft., or separately in 
individual cages of dimensions 2 ft. by 2!» ft. by 2!, ft. 
The periods of group- and individual-cage living are 


reported in Table 1. 


‘Two groups of y 
sisted of five fema 
Olga; the other, of f 


e males. 


Procedure 


Testing. When housed in the 


group cages, 


The E x 


was observed dai a regular time 
front of the group cage and introduced 75 peanuts, one 
at a time, through the wire mesh of the cage front by 


means of a feeding device w hich consisted of a length of 
1'y-in. pipe mounted obliquely on a stand so as to 
extend 1 it. into the large cage. The E recorded which 
animal got each peanut and the dominant-subordinate 
i m that occurred. M. the end of the observa- 
ion, Rockland monkey pellets were thrown into 
in amounts sufficient to make up the daily total 


the cag 
ration of S0 cal/kg body weight per animal (exclusi 
of peanuts). This diet was supplemented three times a 
week with one half orange per animal, The animals were 
fed the same diet when housed individually. 
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Establishing the hierarchy. The characteristic 
“straight-line” hierarchy found in groups of macaque 
monkeys has been frequently described (11). In this 
social arrangement, the direction of all aggressi 
dominant interaction is invariant, and alwa uni- 
directional. Thus, if X engages in dominant interaction 
against Y, he is said to be dominant over Y. Once the 
hierarchy is established (and this usually takes place 
very rapidly), Y never engages in dominant interaction 
against X. If Y is in turn dominant over Z in the group. 
then X will also invariably be dominant over Z. This 
kind of group relationship will be summarized by the 
notation X— Y— Z. 

In terms of one of the five-animal groups used in 

this study, i.e.. Al, Les, Hal, Frank, Gene, the h irchy 
was considered established once the four bits of domi- 
nant interaction Al Les, Les— Hal, Hal— Frank, 
and Frank— Gene were observed. After these four 
'acts were observed, it could have been confidently 
predicted that all dominant interaction between Al and 
Hal would have the direction Al— Hal, all dominant 
interaction between Les and Gene, the direction Les 
Gene, etc. These four acts occurred on the first day of 
observation. This nonquantitative unidirectional nature 
of dominant interaction in the group defines the term 
hierarchy as it is used in this study. 

Recording of behavior. Three categories of behavior 
were recorded during the daily session: dominant acts, 
peanut-getting acts, and subordinate acts. A dominant 
act was recorded for an animal engaging in one of the 
following kinds of behavior: 

1. Mild attack. The animal CX) assigned the domi- 
nant act chases, pushes, strikes or pulls the tail or hair 
of another animal (B). 

2. Severe attack. A bites B. 

3. Displace. A displaces B from a position the latter 
was occupying. 

3. Other moves. As A approaches or turns around, 
B moves away although no aggressive intent is discerni- 
ble on the part of A toward B. 

5. Other fails to initiate action toward peanut. 
Although a peanut has fallen farther from A than B, 
B makes no attempt to reach for the peanut for at least 


Gi During this time, B watches A’s movements 
closely. 

6. Threatening gesture. . growl glowers threaten- 
ingly, adopts an “all fours” stance, wags his head ag- 


gressively in the direction of B, or crouches as if to 
spring after B (but does not actually attack B). One, 
or several of these behaviors in combination, constitutes 
a threatening gesture. 

7. Snifis mouth. A smells at the mouth of B. This 
action, like that described in number 8, was often fol- 
lowed by an attempt to steal food. 

8. Passive manipulation. .\ lifts one of B's limbs or 
opens B's mouth, while B passively submits to A’s 
handling. 

9. Head stand. A stands on B's head, shoulders, or 
back as A gets a nut or prepares to catch one. : 

10. Mounts feeding pipe. A sits on or supports his 
weight by the feeding pipe, using his front paws, for at 
least 5 sec. A is thus in a position to catch the peanuts 
as they fall from the pipe. 
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TABLE 1 
Experimental Plan of Part l oe 
i escription 
Period — Length (days) Descrip! : 
| ine meas 
; » base line me 
1 10 Group cage base 
ures T 
2 2 Control separation al 
3 10 Group cage Pure 
separation me ant n 
+ 2 Separation to drag 
5 animal MIU s D 
5 25 Group cage n A 
hormone effec ove 
mo" 
6 2 Separation t° s anit 
pellet from n^ hormo?” 
7 25 Group cage POS 
measures tant no 
s 2 Separation to Y dro? 
ý 2 animal with m e 
9 25 Group cage LC r 
hormone efie rem" 
5 pri 
10 2 Separation em g a 
pellet. from D stant n 
mal, and to imp. rose" 
5 animal with > m ol 
ae as 
11 25 Group cage es " 
hormone elTe reme" 
i o in! 
12 2 Separation Es 5 ani” 3 
pellet from no. hormo” 
13 15 Group cage post ; 
: ` S po 
measures , jant 
" ion to iml get 
Separation t9, Log 
- j " P animal wi Des " 
15 25 Group cage ran g 
| hormone efie remo 
16 2 Separation ani"! d 
pellet from ne or" 
pos! 
17 25 (females) Group cage I 
15 (males) measures 
, of 
ta pu 
pst 
11. Steals peanut. A takes a nut. from "m 
from the ground where B had placed it. to take a 
12; Attempts to steal peanut. A tries: i 
from B but does not succeed. i ani" 
? 5 ed for 9, es 
A peanut-getting act was recorden, pehavio" ioi 
engaging in one of the following kinds o cor s qe 
1. Gets peanut. A getsa peanut Du vn i a 
from any other animal, or before anath at 


close to the nut. 
2. Attempts peanut —successful. .V and B 
actively for a nut and A gets the nut. 
3. Attempts peanut—unsuccessful ($ 
credited for his attempt. 


iry 
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AL 
Tong wi a s " T- 

o jumps S ithdraw il. B changes his plane of motion 
j Fit m side of the cage to another. 

jaci - B runs or leaps rapidly away from A, 


Ing as ; 
theo tS much distance as is "si : a ht- 
een himself and A. s is physically possible be 


* Stops acti 
Vminant act cre toward peanut. See B's role in 
S. Ha A 
ker tus TO) ntm " " E ] 
ST uth sniffed, See B’s role in dominant 


6. Paces 
$ Passively 


minant a 


act e RID manipulation. See B's role in 


* AS Stooc ` 
| upon. See B's role in dominant act 9. 


omina 
ant acts x i š 
acts 1 to 9 are interanimal dominant 


S for wh; 
Were ot Which i > ; 
tre Scored: both a dominant and a subordinate act 


a ina a H 
h “i Contin acts 10 to 12 are single-anin al 
acts E: 2 = 
red, for which only a dominant act was 


all instances 


Alth 
Of me CUBR not used i : " 
Mounting t used in dominance scoring 


s if Der Ses for an animal. not including uns 
©). The dail Des, constituted his Peanut Score (I 
Peanut 2 total of all dominant acts and unsuc- 
n ie core (C) gees constituted his Olver Domi- 

Is Tota, ree The sum of these two scores made 
Suho, y; Minance Score (D Score), and the sum 


ln the ne Core), 
inal (ge UPS studied, all hut the le 
Lm ant acis inp hierarchy) engaged in a 
tets, single-animal dominant acts, and in 
Animal no. 5 was never observed 
Ne nu nimal dominant acts. All animals 
he en 1 animal in the hierarchy of each 
S Scores în subordinate acts. Changes in P, O, D. 
to he and/or changes in the hierarchy were 
Res Me Medie of an effect. of the hormone on 
LTEM havior, 


st dominant 
n interanimal 


[ A 
Xone Ue inter; 
Hou 


li- 


d : In order to determine the interrater re 

Ne ps frames e temm of recording behavior, two oh- 
of ada din in this method made separate tallies of 
hien Male occurring during three observation sessions 
My ate Rena rhe two observers agreed as to the 
NM ins of the five animals (i.e, Al—* Les 
DE — Gene). In no instance did one observer 


S don: 

“rg bord Nant an act that the other observer scored 
Ma Tues Ten per cent of the dominant and sub- 
i, Ted ne the scoring sheets of the two observers 
wg üct as not seen by both observers. Of the re- 
[NUS S, there was 95 per cent agreement on the 
P), 9 à € peanut acts (including unsuccessful at- 
"ay MRreeq Der cent were seen by both observers, and 
Vo DSi, SR the scoring of 98.3 per cent, The three- 
si E is and S-Score totals of the five animals 
yx in Observer 1 correlated .99 with the cor- 

yy, Ui 3d totals of Observer 2. 
À ee order to determine the validity of this 
up E behavior, the rank of the animals in 
Oma ccording to their position in the hierarchy 
“an red with their rank according to mean D 
first two control periods 


dS 
S Score during the 
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of the experiment (per. 1 and 3, Table D. The hierarchy 
of the female colony, ranked from most to least domi- 
nant, was Miriam, zsther, Naomi, Ruth, Olga; in order 
of mean D Score, from highest to lowest, the animals 
ranked Miriam, Esther, Ruth, Naomi, Olga. The rho 
correlation between the two sets of ranks was .90, 
p < 05. The hierarchy-ranks of the male colony were 
identical with the mean D-Score ranks: (from most to 
least dominant) Al, Les. Hal, F ink, Gene (rho = 1.00). 
In contrast with the high correlations between hierarchy 
ranks and D-Score ranks, the correlations between 
hierarchy ranks and S Score ranks were low and not 
significant. Ranked by S Scores, from highest to lowest, 
the females were: scher, Ruth, Naomi, Olga, 
Miriam; the m were: Les, Frank, Hal, Gene, Al. 
The rho correlation of these rankings with hierarchy- 
ranks (from most to least dominant) was —.10, p > 05 


in each case. 

The D and S Scores provide a more sensitive measure 
of the group structure and interaction than just the 
hierarchy-ranks. It is for this reason that changes in 
P, O, D, and S Scores, as well as changes in hierarchy- 
rank, were used to evaluate the effects of the hormones. 
In addition, changes in score-rank were taken to be 
an efiect of the hormone on dominance 


evidence of 
behavior. 

Hormone administration. Pure crys alline pellets of 
hormone were implanted by aseptic technique in the 
back of the anesthetized animal. A small incision was 
made in the infrascapular portion of the back, the 
pellet placed on top of the fascia several inches away 
from the site of the incision, and the wound closed with 
interrupted sutures. The estrogen pellets consisted of 
25 mg. of Progynon (estradiol); the androgen pellets 
were mg. of Oreton-F (testosterone propionate) § 
All pellets were removed 28 days after implantation. In 
addition, the tissue surrounding the pellet was excised 
to insure removal of all the hormone. 

Pellet implantation was used in preference to fre- 
quent injection of hormone because it necessitated only 
one breaking-up of the colony. Moreover, this method 
of administration has been described as tending to 
natural secretion of the hormone and as pro- 
absorption rates (15). 


simulate 
viding regular 


Design 
Base line measures of the group structure and inter- 
obtained. Then, the animal lowest in the 
no. 5) was treated with androgen. After 
ures had been obtained, the pellet was re- 
ormone measures obtained, Next, the 
number 2 animal in the hierarchy was treated. with 
androgen. This treatment sequence was then repeated 
with estrogen. The plan of the experiment is presented 
in Table 1. The procedure was identical for the two 
es except that period 17 was 25 days for the 
mpared with 15 days for the male 


action were 
hierarchy (i.e. 
suitable mea 

moved and posth 


coloni 
female 
colony. 


colony as c 


es used in this study were supplied by 


3 The hormon! * > 
ation of Bloomfield, New Jersey. 


the Schering Corpor 
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TABLE 2 
Experimental Plan oi Part 2 


Period Length Description 
(days) 
1 10 Pair cage base line measures 
2 2 Control separation 
3 10 "air cage postcontrol separation 
ge | I 
measures 
4 2 Separation to implant subordinate 
animals with hormone (Viola 
and Ike with androgen, Ruth 
and Abie with estrogen) 
5 as" 


"air cage measures of hormone ef- 
fect 


* 20 days in the case of Sally and Ruth 


Part 2 


In Part 2, groups of two instead of five monkeys were 
studied. The observation procedure, method of record- 
ing behavior, and means of administering hormones 
were identical with those described in Part 1. 


Subjects 


Eight young gonadectomized monkeys, four of cach 
. were divided into four like-sexed pairs. The pair 
members were as follows: Teddy and Ike, Jake and 
Abie, Naomi and Viola, Ruth and Sally. Although 
Ruth and Naomi had been used in Part 1 of this study, 
neither had been subjected previously to hormone ad- 
ministration. The members of cach pair were housed 
either together in a large cage of dimensions 35, ft. by 
tly ft. by 6'5 ft., or separately in individual cages of 
dimensions 2 ft. by 2! 3 ft. by 2! 5 ft. 


se 


Design 


The procedure was identical for all pairs: after ob- 
taining base line measures, the subordinate member of 
each pair was treated with hormone. One subordinate 
male received androgen, the other subordinate male, 
estrogen, Similarly, one subordinate female received 
estrogen, the other subordinate female, 
experimental plan is summari 
hierarchy-rank or score-rank w: 
treatment, no posthormone 
included. 


drogen. The 
lin Table 2. Since no 
s changed by hormone 
measures have 


been 


RESULTS 
Physiological Effects of Hormones 


Implantation of estrogen invariably pro- 
duced marked swelling and reddening of the 
sex skin in the females and the scrotal sac 
in the males. In addition, both sexes displayed 
swollen nipples and faces, as well as pro- 
nounced wrinkling and folding of the skin on 
the back and legs. These changes are the 
typical result. of estrogen treatment of ma- 
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r enint | 
caques (18). The swelling and redd days | 
usually disappeared within ten to fiftee pling 


after removal of the estrogen; the qu i 
and folding occasionally persisted in 
form for a somewhat longer time. howed 

Except for one male (Ike), which $ penis: 
slight reddening of the skin around ey att 
and one female (Viola), whose sex P 
dened slightly, no animal showed € 
physical effects of androgen. 


Behavioral Effects of Hormones 
Part 1 M 
Dominance and subordination. 1n a y 
was any hormone treatment accompa tgn re 
a change in the dominance-subordin tis jor 
lationship existing between two pet el 
to such treatment. There were no ay 
instances of dominant interaction Soh 
to the direction implicit in the pis 
hierarchies of the two colonies, “shoul 
sisted as originally established "a o t 
duration of the study. The hierarc el 
male colony was Al — Les — Hal le C 
— Gene; the hierarchy of the female utl 
was Miriam — Esther — Naomi af x 
Olga. The other behavioral results p ill 
trated in Figures 1 and 2. These ae ei 
trate the means of the various Score ihe 
D, and S) for the two colonies in s (e 
experimental periods. The inne a 08 
animals according to each of apt i 
any experimental period can be ss score? ^ 
by noting the ordinate values of pa nigh 
that period, i.e., the animal with Shell as 
mean score in any period ranks pam amm 
the animal with the lowest mean zs ó am 
lowest. The ranking of the anima? isu, 
colony according to the hierarchy V ding 0 d 
consistent with the ranking oe Dn 
Scores, O Scores, and D Scores ra Wi 
2). The animals that ranked first itt se 
archy (Al and Miriam) usually ee anke 
on these measures; the animals t^ Sed 
second in the hierarchy (Les aní peas 
usually ranked second on these simal 
The scores of the three remaining a it 
each group were usually rather close, 95 an 
was more variation among their S$?! 


Jon 
n € 


illu 


mU 
ti 


ne! 


) 


rel ant 


s . first ^ 
than in the ranks of the animals "™ o 


: 6 = iird e 
second in the hierarchy. With p: n s 
Scores (Fig. 1 and 2) Les and Est? ail 


au! 
E: x az us 
animals second in the hierarchy? 
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rane hierarchy) with zero scores invariably 
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R apparent from these figures that there 
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was only one change in score-rank of more 
than one position associated with hormone 
treatment. Esther's S Score (Fig. 2) fell from 
rank 2 in the pre-estrogen period (per. 13) 
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to rank 4 in the estrogen period (per. 15). 
Although the change in S Score was significant 
(P < .01), neither the absolute score value 
nor the score-rank reverted to the pre-estrogen 
level after the withdrawal of the hormone. A 
return to the pre-hormone level would be 
expected in view of Birch and Clark's (5, 6) 
results with estrogen treatment of chim- 
panzees. Significance levels were computed 
by means of Fisher's / test, using a pooled 
estimate of day-to-day variance. 

There were only four other scores out of the 
total of 32 (8 treatments X 4 scores) that 
changed significantly with hormones. One of 
these score changes, Les’ S Score, although 
‘decreasing significantly (p < .02) during an- 
drogen, does not appear to be attributable to 
the effects of the hormone. Although his S 
Score fell one rank at this time, there was a 
more significant score decrease (p < 01) 
from the androgen period (per. 9, Fig. 1) to 
the post-androgen period (period 11); more- 
over, both decreases appear to be a reflection 
of a gradual reduction in Les’ S Score ex- 
tending from period 3 to period 17. Les’ O 
Score and D Score (Fig. 1) also decreased 
steadily during the experiment. 

Two of the changes accompanied Gene's 
treatment with androgen in period 5. Gene's 
(and Olga’s) score changes in period 5 were 
evaluated against the combined control data 
from periods 1 and 3. There were significant 
decreases in Gene’s P Score (p < .01, Fig. 1) 
and D Score (p < .05, Fig. 1). The D-Score 
change was accompanied by a fall in rank of 
one position, and was not reversed following 
the withdrawal of hormone. The remaining 
change was a reduction in Gene's S Score dur- 
ing estrogen treatment (p < .02, Fig. 1). The 
S-Score change was not accompanied by a 
change in rank, nor did the score increase 
significantly after the hormone was withdrawn. 

Mounting, grooming, and presenting. The 
only significant change in the frequency of 
mounting, grooming, and presenting 
companied the estrogen treatment of Esther. 
Her daily mean of all such acts combined in- 
creased from 0.33 in the pre-estrogen period 
to 3.56 during estrogen treatment (p < .01). 


ac- 


Part 2 
Dominance and subordination. 
from the four pairs studied, i.e.. 


The data 
Teddy and 
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Ike, Jake and Abie, Naomi and Viola, s 
Sally and. Ruth, are summarized in Figure a 
As can be seen from this figure, the a 
peanut-getting established by the damt 
member of the pair in period 1 was not cha 
by any hormone treatment. Moreover tion 
direction of dominant-subordinate inte ig 
was always Teddy — Ike, Jake 7 ghoti 
Naomi — Viola, Sally — Ruth throug 
the study. 


E c o vas g 
changes in Part 2, none of them MES ly 
" s the pair iva 
the dominant animal of the pair ! the 


. : M than 
achieved a higher P, O, and D Sh i ih 
subordinate animal. The only 58 in 
subordinate animal. Y tment 

: r an s 
change accompanying hormone tr uth’s > 


the two females was a decrease in 
Score (p < .05). With the males, on dud 
hand, there were significant redu e 
Abie's P Score (p < .05) and D n < 
01), and in Ike’s P, O, D and 5 Scor = basel 
-01 in each case). These comparisons vA and 
on the combined data of control pens n m 
3 versus period 5. The highly signi m ? 
duction in all Ike's scores results ettité 
change in the technique of peans: teddy 
employed by his dominant pair-mate ane 
rather than from any hormonal eec ally i 
During periods 1 and 3, Teddy WPH pase! 
mained on the floor of the cage ating pi " 
cach peanut as it fell from the leet inan 5 
Although Teddy was clearly Ai i ke 
peanut-getting (mean P Score = ok y the 
managed to garner about 20 per be y b 
nuts (mean P Score = 14.25), usu sanut he 
attacked in connection with ever) radios ^ 
got (mean S Score = 16.6). During Pique 0 
however, "Teddy adopted the wn 
sitting on the pipe and catching the onlY K 
they fell. This had the effect y 56, ant 
increasing his mean P Score to 6 p aru 
the number of his mounting? Je jo 
1 of 0.7 during | gn 


ioc he 


he 


increasing 
feeding pipe from a mear . 
1 and 3 to a mean of 13.9 during p i : 
also decreased the interaction wg Scot 
two animals. Thus, Ike's reduced e $ 
reflects Teddy’s increase, Ike's lowe” pal 


: e, 

ities y 

Score reflects the fewer opportunitie ‘ped 
i " Hs ^ 

to attempt to get peanuts so long sco 

Hd , sere e? 

sat on the pipe, and Ike’s lowered $ 


" 
$ "rhe det 
reflects the decrease in P and O. The m p? 
in Ike's S Score to a mean of 3.20 res" 
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TEDDY AND IKE 


100, Ttoov 
gof Peo score 


kiad TEDDY 


JAKE AND ABIE 
100, sane 


Jare Jane 


SO} osso scone 


MEAN SCORE 
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PERIOD 3 


Summary of Dominance 


ftom physical distance 


the increase in i 
sessions, 


bu "t the two animals during the 

Nts a, from the fewer occasions (fewer pea- 

Provo Peanut attempts) on which Ike could 
attacks from Teddy. 

ing, grooming, and presenting. Mount- 

ming, and presenting were rarely seen 

ation sessions, 


e 
Hor 
g 


in 
In eto 


And Pairs during the observ 


lere ae : XNCa- ire 
MM ere was no significant difference à 
"Ying the treatment of any animal. 
Th DISCUSSION 
iise results of this study emphasize how 
faga E hormones may be 1" inducing 
| SS | i vv {f maca es. 
he 25 In the social behavior of macaqu 


the six groups 
shanged during 
, no hormone 


urs 
Ney Urse of the study. Moreover 
n a score IN- 


tag tt was accompanied by 
Wey the seven significant score i 
and 2 that are not explainable in terms 
‘ MOrmonal factors reveal little or no 
bap; Stent pattern. Two changes accom- 
treatment of a low-status 
) scores); three other 
trogen treatment ofa 


decreases 1n 
D 

to, Pon] 
le 

Thar el 3s 

Nala androgen 


“an, (Gene's P and ! 
S accompanied es 


NAOMI AND VIOLA 
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and Subordination Scores, 2-animal colonies. 


scores, 


low-status male (Abie's P and D 
Gene's S score); one change accompanied 
estrogen treatment of a high-status female in 
the group of five (Esther’s S Score); the re- 
maining change accompanied estrogen treat- 
ment of the subordinate member of a pair of 
females (Ruth's S Score). These changes are 
not related to changes in the frequency of 
observed mounting, grooming, and presenting 
behavior, for only one animal (Esther) showed 
a significant change in such behavior. Since 
these changes show little or no consistency and 
since the hierarchies remained intact, the 
most reasonable interpretation. of the results 
is that gonadal hormones have no effect on 
dominance in unisexed macaque social groups; 
the changes observed in dominance and sub- 
ordination scores are the result of other 
factors in the relationships of the animals. 
One of those other factors is apparently 
identified in the case of Ike's changes with 
androgen, and another is illustrated in Figure 
1 in the case of Les's change with androgen. 
These results are in striking contrast. with 
those of Birch and Clark (5, 6, 7, 8). The 
difference does not appear to lie in differences 
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in experimental design: both studies used 
castrate animals (this is true for three of the 
four Birch and Clark investigations) and both 
studies employed daily observation of the 
animals in a competitive feeding situation. It 
is not likely that the difference in age between 
Birch and Clark's mature chimpanzees and 
the young animals of the present study ac- 
counts for the difference in results. In his 
survey of the interrelationships between 
endocrine secretions and patterns of overt 
response, Beach concluded: 


Neuromuscular elements responsible ior such hor- 
monally conditioned behavior patterns as courtship, 
mating and care of the young are fully organized and 
ready to function relativ arly in life, well in advance 
of the time that they will normally be activated... 
their organization is complete prior to the time that the 
hormones which will sensitize them to stimulation are 
secreted in sufficient quantities to become effective 


(3; p.211). 


If dominance behavior in the macaque is a 
“hormonally conditioned behavior pattern," 
it probably would have been manifested in 
the animals of the present study. Although 
these results differ markedly from those of 
Birch and Clark, they differ less from the 
results of Yerkes (16), who found no estrous 
enhancement of dominance in at least half the 
male-female combinations he studied, and 
the results of Crawford (9), who found no 
such effect in 10 of the 16 pairs he studied. 
A difference between the species which may 
account for the difference in results relates 
to the character of the social relationships 
generally observed in the macaque and the 
chimpanzee. Yerkes and Yerkes (17) and 
Maslow (10) have noted that dominance in 
the chimpanzee is usually expressed in a 
relatively nonviolent and noncontactual man- 
ner, especially when compared with the ex- 
pression of dominance in certain catarrhine 
monkeys, such as the macaque. One chim- 
panzee may dominate another completely 
without any observed instances of attacking 
or biting. This kind of social relationship has 
been described by Maslow as "friendly" and 
"protective." In the macaque, on the other 
hand, aggressive chasing and biting is ap- 
parently an invariable concomitant of social 
dominance, prompting Maslow to describe 
it as “brutal” and “sadistic.” Yerkes’ (16) and 
Crawford’s (9) data suggest that tempera- 
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mental differences may be the cause of b 
frequent obscuring of estrous angen 
dominance in the female chimpanzee. 2 
of the reasons offered by Yerkes for or : 
cases (ie, male-female pairs in which «n 
female dominated the feeding situation ° 


‘ynas 

pi a una 

while she was in estrus) included tion 
i “timidity,” < exce 

sertiveness,” “timidity and las 

sertiveness, y of the female 


aggressiveness or dominance" 
Crawford concluded, “a variety ol the 2 
patterns built up during the life of of in) 
mal ... may determine the outcome 
test of dominance" (9, p. 508). ay OY 
Since temperamental differences la! . 
scure hormonal effects in the relate ea 
aggressive chimpanzee, individual di obscurt 
in aggressiveness may always act tO mises? 
hormonal effects on dominance in : of 
macaque groups because of the greate i 


ive 


Bt 
> of reac 
y ni- 


ro 
ma 


1 i : avi ot 
aggression in the social behavior wi uld 
; a ] 
«aque. Hormonally induced domin na! 


aker U™, 
therefore appear to be relatively mer i 
the dominance resulting from other a 
the latter is pronounced among mem He 0 
species. Thus, the hormonal e eet f 
inance in the chimpanzee in a oie anm 
feeding situation as described by pn in, 
Clark may not be demonstrated able ol 
dividual members of a species are cal R. 
wide variations in aggressiveness. at mud 
This research has emphasized o? Qm 
sion and dominance are not peo rio 
fluenced by sex hormones; the — din£ sit 
of the macaque in a competitive dai e 
uation is markedly refractory tO al pd 
ment. Beach (4) has urged the aped: i 
studying many kinds of animals to ew di 
error of overgeneralizing from i iis 
results of the present study nOA y P 
Despite the fact that the d eb inv 
species to gonadal hormones has ? ossible , 
ligated, it would seem to be ires epee 
describe the response of any other 
without actually conducting the rese 


poi 
vi of? 
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SUMMARY 


1. Unisexed social groups of 
female castrate Macaca mulalla we ‘i, 
daily in a competitive feeding situati? ah 
instances of dominant, subordinate, a" 
interanimal behavior were recorded. 

2. After control measures of the E 
hierarchy and behavior had been obt* 


ae 
re ob à 
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Various members of the groups were implanted 
With pellets of androgen or estrogen. 

3. In no case was hormone administration 
accompanied by changes in the hierarchy or 
Y an increase in the number of instances of 
dominant behavior. 
gu, teu 7 of the 12 treatments were 

mpanied by a significant decrease in either 
a or subordinate behavior scores, the 
tibus * 2 cases could not reasonably be at- 
chans d to hormone administration, and the 
"ho a in the other 5 show little or no con- 
Seid : This suggested that gonadal hor- 
à e without effect on unisexed groups 
B Ls Tate macaques, and that the observed 

E Tp aulted from other factors. 
thon Lis suggested that the difference between 
egi and those derived from the chim- 
d is related to the greater degree of ag- 
5 veness characterizing the social behavior 
lii; * macaque as compared with the chim- 
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ACTIVITY, MANIPULATION DRIVE, AND STRENGTH IN MONKEYS 
SUBJECTED TO LOW-LEVEL IRRADIATION! 


ROBERT W. LEA 
Department of Physiology and B 


The aim of the present project was to 
determine the effects of whole-body irradiation 
on the performance of monkeys in tests of 
lightly motivated behavior. General bodily 
activity (locomotor, postural, and membranal) 
was considered to be lightly motivated, as was 
manipulatory activity of the type described 
by Harlow, Harlow, and Meyer (6). Since 
“weakness” is a recognized feature of human 
irradiation sickness, a weight-pulling task with 
a strong (banana) incentive was included at 
the highest radiation level. 

The basic assumption underlying the present 
experimental approach was that rather simple 
"nonmotivated" or lightly motivated behavior 
would better reflect the effects of minimal 
stresses than would difficult, complex tasks 
employing strong homeostatic drives. Further, 
in extrapolating from laboratory experiments 
to human behavior, it may be desirable to 
predict the performance of man under condi- 
tions of low motivation, which manifestly 
cannot be done from experiments which em- 
ploy strong motivations. The hypothesis would 
apply equally to such external stresses as 
altitude, cold, and toxic gases, and to internal 
stresses such as fatigue, sleeplessness, and 
drugs. In respect to radiation, this thesis 
receives some support from the unpublished 
work of Davis? who obtained a deficit in only 
one of a number of problems involving an 
edible reward. Further support is seen in the 
experiments of Kaplan and his associates 
(9, 10, 11, 15) which indicate that solution of 
the discrimination type of problem by mon- 


1 This investigation was supported in part by a re- 
search grant (G3440) from the National Institutes of 
Health, Public Health Service. Some of the findings 
herein reported were presented before the 1954 meet- 
ings of the We: hological 7 ciation and the 
American Phy cal Society. The authors are in- 
debted to Dr. Kelshaw Bonham, who supervised the 
irradiation procedure, and to Mr. A. D. Davis, Mr. W. 
hirley Hilby, Mr. F. P. Leukel, and Mr. J. 
, ra for assistance in testing the animals. : 

^? R. T. Davis. Performance and histopathology of 
macaque monkeys as a tarato of near X x 
Progress Report on U.S.P.H. Grant M-530, 19° 
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lophysics, University of Washinglon 


ot impaired us 
not y 
th able 


keys under high motivation is n 
sublethal radiation doses and probably 
lethal doses as long as the subject i$ bo 
and willing to perform. 

Since it was of interest to est 
threshold values for behavior abn 


nid 
ablish dosi 


ormality ' 
petwee! 


well as to quantify the relationship mber ol 
dosage and behavior changes, a ae dos 
experiments were conducted using 600% 


; ut 
well below LDso;3o, which may be abo 
in the rhesus macaque. 


STHOD 


Subjects 


A total of 18 young rhesus monke 
tween 4 and 8 Ib. at the time of irradia 
in four experiments. All were adapted to t 5 
procedures over a period of at least two mo! 
to X-ray exposure. Two Ss irradiated im ex 
suffered ablation of frontal cortical are: Ss vit 
ing an unusually high level of locomotor activi? 
appeared to be quite normal in all tests 
Staggering the time of exposure perm 
some Ss as controls for one or more wee nial 2 
were irradiated and joined the gipeime | pic 
For example, in the last experiment, in W^? «^ 
was 400 r., two monk were irradiated one 
monkey the next week, and two more tN atl 
week. Since four monkeys were never Pd irr 
controls numbered seven until the second Pirols 
tion week for the first group, when the cor 


mu 
pitted the " 


eks be! 


nt 
afters 
Á z erea 
reduced to six. In the thirc and e contro. i 
7 ize eho’ 
were four controls. In Table 1 the size © she 
tion le bg 


experimental subgroups at each rad 
A decrease in the number of controls Ss d 
denotes the enlistment of the subtracted ip 
ated experimentals in the following subgro 
The two monkeys that had received 2 a 
lowed about four months for recovery anc Us h 100 
irradiated, one with 50 r. and the other wit d a 
short time before this and about six to eight W 


ihe? 


5 for one 


their initial exposure, two experimentals from ^ o 

group had been re-irradiated with 50 r. ant ay of th 
with 100 r. Because of the relative impoten ain 
low doses and the small number of cases, TE ne r 
receiving 50 r. and 100 r. have been placed in ! 


n in Table 1, 


group, as si 


Procedure 


N 


Strain-gauge recording of general activity: ve 
ment of activity began between 5:00 and 6:00 s 2 
lasted 3 hr. in the 200 r, experiment, and ab?" 


330 


j MONKEYS SUBJECTED TO LOW-LEVEL IRRADIATION 337 


Nus TABLE 1 
AER ot 5s in Radiation Groups and Subgroups 


Ko. of No. of Controls 


Radiation Dose, Experi- Weeks 
mentals EFE ] 
NN emals 144 42-3 H4 S6 
200 r, | xs | 
Sut | 
Sica t |2]2|2|2|2|1| 
Mir RA d 1/1]1]1|1]|1 
Sut | || 0/00 
Supe T 3 la|4|2]2|2|2)2 
garop | 2 (|2|2|2|2|2|2|2 
wp SUPT) 2  0/0|0|0/0,0|0 
Sub, | 
Eri | | 
Subgroub 1 2 |1)1|6|4|4|4|4 
« Subgrou! I 1 6|6/4|4|2|4|4 
arios T 2 4|4 ih 414|4 
Subgroup 1 à " | i | 15 | 
a Ubgroup II c P Ew ^ 
— 2 ļojojojo | 


M the 

fco Other experiments, At the 300-r. level additional 
from s Quer Secured for 30-min. periods every hour 
Strain. SM to 10:00 a.m. A flexible brass rod bearing 
home Bauges was placed in contact with one end of the 


€ ca s 
age l 
300 ge floor, which was suspended on springs at 
at the other dose 


Ment, to the home 
Rotor Dh Ovements w 
me i Een Suitable inexpensive 
mly , En ograph. Since the apparatu did 
Never Imited number of simultaneous recordings 
Some aes than ), the records are incemplete for 
j Dire el especially at 400 r. 
PC i connie rating of activity. 
a 5 mans DDR about 25 catego! 
a tate P used in the 400 r. experin 
W ione 9r any display of the n 
: eR s “min. periods for ten consecutive 
Nd (53 quietly in a chair near the monkey 


An inventory of be- 
ries (developed by 
nent. Each mon 
selected behaviors 
minutes. 

's cage 


x I i i į e were 
wile, n lo avoid exciting S while the ratings were 
Cre this manner two to four observational sessions 

8:00 p.m. and 


Ip. Con: 
09 ea dueted each week between 


n the three-step 
hasp locked by 
n the end of a 
| panel which 
during the 
cages reset- 
1 the 200 r. 


Mecha: 
on ane puzzles. In Figure 2 is scel 
cha ok whi Qe salt consisted of à 
Wee Ti ee 1 was itself locked by a pin or 
i te faste parts were mounted on a woot 
Steen ned to the interior wall of a cage 
The tester made rounds of the 


ting Period, 


d Pug cach week. = 

lay ing meter manipulation- Eight days before the irra- 
per of subgroup IIL of the 400 r. group, the two 
‘ental Ss and two controls were supplied with a 
ed between two pieces of plastic 


a coy 
yg Meter sandwich 
I wood fame (ee Eig. 2) 


Centered inside a 572 


. 1. Individual monkey cage with attached 
strain-gauge. 


This toy wi mply left on the cage floor, and readings 
were taken at intervals of 24 hr. A slight jiggle of the 
vertical pedometer or a semicomplete turnover, how- 
ever gentle, would register 1 “yard” on the main scale, 
which was marked off in tens of yards. On a subordi- 
nate scale, one could read activity scores to the nearest 
eighth of a mile. Later, a second experiment was car- 
ried out in an analogous fashion with two additional 
ental animals (not contained in Table 1) and 


experim 
two control animals. At the end of eight days, the new 
monkeys were each given a dose of 400 r. 


Weight- pulling. A portable weight-pulling apparatus, 
diagrammed in Fig. 3, was used in the 400 r. experi- 
ment. Weights of 500 gm. or 1000 gm. were added to a 
free-hanging pan, which was attached through a pulley 
system to the test tray, until the monkey failed to pull 
in the tray on three succ "e attempts. As incentive, 
a small piece of banana was placed in an open metal 
a predetermined distance on the test board. 
Usually, one more piece of banana was added after a 
failure, but the monkey’s last attempt was run with an 
additional piece several times the standard size. The 


pull was a short one, 7 in. to 9 in., depending on S's 
reach, and the monkey was 


allowed to use both hands. 
A spring-loaded stop held the tray so it could not fall 
back after a successful pull. Generally, two or three 
tests were given (9:00 p.m. or 10:00 p.m.) each week, 
although in the early training period about one month 
before irradiation they were more frequent. 

Irradiation technique. Animals were confined in a 
circular Plexiglas cylinder to whose shape the slightly 
scrunched-down monkey roughly conformed. This tube 
hung by strings, 8 in. or more in length, from a 


holder at 


was 


o 


p 
= sad 
ja FEN 
| a 
lt $1 
E 
u n 
d PEDOMETER 


MECHANICAL PUZZLE 


e-step mechanical puzzle and. pedometer. 


Fic. 2. Thr 
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Fic. 3 Weight-pulling apparatus in use. 


slender metal shaft which rotated it at 1 rpm in the 
center of a horizontal field of X rays. At all radiation 
levels except 400 r. the monkey was 5 ft. from the source 
and received about 5.0 r/min. air dese. In the 400 r. 
experiment, the Ss were 4 ft. from the source, and the 
rate of delivery was about 7.2 r/min. air dose. Calibra 
tions made with a Victoreen thimble chamber revealed 
that the dose in a Masonite phantom was at least 98.5 
per cent of that found in air and that the maximal vari 
ation in dose within the space occupied by the monkey’s 
body was not over 10 per cent at 4 ft. or 6 per cent at 
5 it. Throughout irradiation the £ maintained the 
voltage at 200 kv. and the current at 15 ma. Filtration 
totaled 0.5 mm. Cu and 2.0 mm. Al. A number of con- 
trol animals in each experiment were placed in the tube 
and rotated in front of the dead X-ray machine. 

Treatment of data. All scores within a subgroup (see 
Table 1) were ordered in terms of the days by which 
they preceded or followed the day on which the experi 
mental monkeys in this subgroup were irradiated. In 
averaging subgroups to obtain group means, the s 
system of aligning the data was utilized, so that ex- 
posure days coincided. .\ group mean for controls was 
obtained by entering each control subgroup mean once 
for each associated experimental S, taking their total, 
and dividing by their number, which was also the 
number of irradiated monkeys. 

The number of control c shown in Table 1 is 
correct for the postirradiation measurements except the 
strain gauge activity recording of the 50 r. and 100 r. 
group, the 300 r. group, and the 400 r. group. where the 
10tal controls in each group were reduced to 0, 2, and 
12. respecti 1 

Since irradiation, with one exception, occurred at 
the beginning of the week, the first postirradiation week 
has been taken as the remainder of that week. One 
200 r. monkey was irradiated on a Thursday, and data 
gathered on the next two days were averaged to obtain 
the first. postirradiation week mean. 


me 
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RESULTS 
Strain-Gauge Recorded Activity i 
ae j s 0 
Activity records were scored in power 
"t H H H T D 
pen deviations which indicated a cage-cro was 


from back to front, or vice versa. There se 
no statistically reliable evidence of a deeem 
in this activity after irradiation. At 200 ius 
again at 400 r., the relative decrease in en 
was greater for the experimental animals and 
for their controls on the day of exposure ius 
in the first postirradiation week. However, } 
the opposite trend appeared in the 300 r- © y the 
It is possible that social interaction amen the 
monkeys, which were in individual cages F ion 
same Toom, tended to obscure Irra ug 
effects. 


H H r. 
Activity Ratings and Observations at 400 


Five general categories of behavior oj 
selected: (a) movements from front t0, 7 and 
cage and vice versa; (b) climbing, standing y, 
unusual posturing; (c) scratching anc Ewing 
ing; (d) sitting or lying down; (e) €? each 
Total rating scores were computed aine 
category, and differences were ° yia ti" 
between the mean scores in the postu forè 
period and the mean scores in the wee ean ol 
irradiation. Subtracting the group dil 
changes of controls from those of exper e ues 
gave differences in each subgroup. The $ are 
obtained by combining subgroup sco 
plotted in Figure 4. . 

Subgroup control and irradiate 
were compared by use of the Mann- 
test. (14), and, using the technique 
Fisher (4, pp. 99-101) for combining 
ties, we obtained chi squares with 


als 


$ 
d monk 
whit, 
jed P? 
C ili- 
bab! 
Y fof 
0 


TROLS 
EXPERIMENTALS PEN 
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Mean Decrease | Mean Increase 
o 


WEEKS 
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Fic. 4. Activity rating scores for the 400 


MONKEYS SUBJECTED TO 


ea 
S » the day of irradiation and 
Only lr iri — postirradiation weeks. 
tailed value pov d of exposure were the one- 
hese p's ied o! the chi squares less than .05. 
activity, gr ere .025, .04, and .05 for chewing 
Tont Lh eel and scratching, and. back- 
intesa] ments, respectivel 
Noticed in aii after irradiation was not 
her experi rand 100 r. monkeys, but all 
degrees of : mental animals displayed varying 
lion Sin Tansient immobilization or prostra- 
hing perhaps 30 to 60 min. after 


temo 

val fre s : 

3 om the caus. Denm ond 
curred the X rays. Definite recovery 
Sh 


"par 
th 


Mec 
chani. 
Meal Pussle Manipulation 


al monkeys in the 300 r. group were 
two irradiation day within an hour or 
“ticeg €r exposure, No “change in score was 
300 VAT the 100 r. and 50 r. group, but the 
tion 7 9n!mals exhibited almost no manipula- 
A ndency, 
te m dosage levels above 100 r., the aver- 
NE ime recorded between the week before 
Ina ln and the first and second post- 
Contro lon weeks were more positive for the 
tve S than for the experimental Ss. How- 
MM NS of the available comparisons 
Ni "nic: differences approaching statistical 
“q p s It was noted that in each group. 
Ne is of the lowest dose group, there was 
leere diated animal exhibiting à marked 
hn as In score lasting three weeks or more. 
Beto of the consistency of individual 
Iiic Nance and the recognized variation in 
ual susceptibility to radiation, this 

: ? taken as evidence of a selective 
s bos manipulatory drive which appears in 

"ly of exposed animals. 


b. 
edi 
meg», x 
teler Manipulation 
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Fic. 5. Pedometer manipulation after a 400 r. dose. 


which were introduced with the thought that 
they would better meet the requirement of 
low motivation. Since day-to-day variability 
was large, extreme scores being occasionally 
recorded, medians rather than means were 
ight to be the more representative measure 


thou 
obtained 


of performance. Median scores were 
for the preirradiation period of eight days, and 
for blocks of eight days in the postirradiation 
1, excluding the exposure day. In Figure 


perioc 
scores are shown as 


5 the postirradiation 
percentages of the preirradiation score 

In both the original experiment and the 
later experiment, the control animals increased 
their manipulations in the postirradiation 
period while the experimentals decreased their 
manipulations. Analyses of variance vielded 
F’s significant at the .05 level of confidence in 


both experiments. 


Experimentoals. 
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po 
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| Weight-pulling in the 400 r. group. 
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Weight-Pulling at 400 r. 


Vigorous weight-pulling dev eloped prior to 
irradiation was maintained in the postirradi- 
ation period, including the evening of the day 
of exposure, although in experimental Ss a 
slight, statistically unreliable, decrement was 
found on radiation day and during the follow- 
ing week, as seen in Figure 6. Peak performance, 
which usually represented a pull of over three 
times the animal’s body weight, was reached 
by all Ss in the postirradiation period. 


DISCUSSION 

The results show no reliable decrement after 
irradiation day in the general activity, 
strength, or puzzle manipulation of monkeys 
receiving as much as 400 r. Since peak per- 
formance in the weight-pulling tasks demands 
both motivation and strength, we may assume 
that the rewarding or incentive value of a 
highly desirable food is little affected by 
sublethal irradiation. These negative findings 
must be qualified by (a) the small number of 
animals used at any dosage level, (b) the fact 
that a few individual animals seemed to show 
an irradiation effect, and (c) the lack of sta- 
bility and the amount of variability found in 
activity ratings, especially during the first few 
weeks of testing. 

The lowest weight-pulling score in the first 
postirradiation week, 89 per cent of normal 
pull, was made by an exposed animal, and on 
irradiation day the third subgroup yielded 
a (of 3.2, significant at the .05 level of con- 
fidence in a comparison of weight-pulling by 
control and experimental Ss. At 200 r., 300 r., 
and again at 400 r., the monkey showing the 
relatively lowest manipulatory drive in the 
postexposure period was an irradiated monkey. 
Ratings of back-front movements in the 400 
r. group show that an experimental animal had 
the biggest and most consistent. decrement 
(true also of stand, climb, and posture ratings), 
and that there is a practically complete 
separation of control and irradiated monkeys in 
subgroups II and III on both the day of 
exposure and during the first week. 

A re-evaluation of these results 
that at least some Ss exposed to 400 r. showed 
deficits. If obtained mean 
taken be accurate, then 


indicates 


behavioral the 


differences were 
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the largest changes occurred in various oa 
gories of general activity and the smallest in 
weight-pulling. This result is entirely M 
keeping with the thesis stated at the beginn g 
of the paper, namely that stress will affect igi 
motivation behavioral outlets rather t e 
high-motivation strength and intellige" 
tests, but the foregoing evidence is insufficie? 
to draw a definite conclusion. 

Of greatest interest is the large and pet 
decrement in pedometer manipulation, e 
was observed in four monkeys that rec the 
400 r. It appears that the nature Offers 
manipulation measured by pedometers les 
from that elicited by mechanical pr pu- 
Observation suggests that pedometer d u 
lation embodies a rather low incentive inu 
for the monkey, which is not apt to “iy for 
handling the apparatus uninterrupted os 
more than perhaps 30 sec. On 
hand, the energetic and seemingly ine pl 
ible attack of the practiced monkey fo y 
mechanical puzzle leads us to think tH wa 
motivation is not of the low order W ni 
originally envisaged. latio” 

The conditions under which manipt of 
and activity are measured are no e 
decisive importance. The utilized proce 
staggering the date of radiation, im 
tending to minimize any socially ue stre 
disturbance reflecting the stress oF „uld no 
experienced by individual animals, W‘ 
eliminate it. That our irradiated 
showed no reliable change in 
recordings read for circumambulatory 2s 
during evening or early morning hours i 
not mean that another method apt na 
uncover some change. Both our een 
ratings and those made by Davis? Su? 
an activity effect exists. Persistent decren 
in activity have been reported for i: 
(16), following an initial 24 hr. in W? 
behavior was possibly “euphoric,’ 
rat (8), which, however, displayed a tr 
amelioration of the hypoactivity at one 
lethal but not the lower dose levels: 
el al. (5) described their irradiated rabbi " Y 
irritable and aggressive. Negative ac 
findings for monkeys in the early postexp^ m^ 
period have been reported by Kaplan ef 0^ 


sistent 
which 


altnt ed 


hee 


3 See footnote 2, 
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wu bed and Trowbridge (3), who 
» bnt. thig monkey, like man, undergoes 
apparently PU. but these investigators 
cedures, Ti did not use quantitative pro- 
radiation od likely that in the low-level 
of the mth uh ders there are relatively few 
ollow mas. UA: delayed reactions which 
Severe exposure. 
in UR pas indications of decreased activity 
y » they were by no means incapacitated. 


© ac i os a " 
abilit etal activity and the weight-pulling 
Pty of the 400 r, animals suggest a less 


ick 

an à dew. 

Part A more vigorous organism 1n the latter 

descrit; the postexposure month than do 
Ptions of men (1, 2, 7, 12) or burros 


(16) ; 3 
ap irradiated with a comparable dose 
Proximately 


(ose), Cini two-thirds of the LDsorio 
tomic Ta i observations attest that human 
Prostration tation victims often experience 
YMptom E on the first day, enter a relatively 
Which iie ree period of several days or weeks, 
i, ay not be a period of real well-being 
lim. 8nd then undergo a delayed (some- 


S ac i 
ability ee” reaction. Weakness and fatig- 
te, © MAY be prolonged. Apart from pedom- 


I maa; 
na j à 
."anipulation, a sustained effect was not 


Se 
ten in Bur Ss 


SUMMARY 
five monk 


G 

recive of two, six, and 
300 r a Whole-body X-ray doses of 200 r., 
Wore? And 400 r., respectively. Six animals 
m, irradiated with 50 r. or 100 r- The 
at different dose 
of 


leve er of contro] monkeys 
Bener, varied. Strain-gauge 
hip, acuvity and a mechanical 
Aii, ce test were carried out W 
(aeri pn ratings of behavior and 
-pulling test were utilized only at 
was not found on 
in the 


recordings 
puzzle 
with all 


the iex Decreased activity 
‘a be of radiation day except 
me of 400 r. animals, although monkeys 
trangia with doses of 200 r. or more showed 
an ot inactivity and listlessness shortly 
deere S Posure. nce a striking and prolonged 
tes dis occurred in à pedometer-manipulation 
twe Carried out with four of the 400 r. animals, 
New monkeys and controls were 
Sahn EOM ep x procedure. The same 
Thay was obtained. I here was some diem 

ability, activity rating 


Subic two 
ad 


Weight-pulling 
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scores, and puzzle manipulation were affected 
in the early postirradiation period in individual 
animals receiving 200 r. or more. The results 


lend support to the hypothesis that lightly 
motivated behavior is more susceptible to 
stress than is highly motivated behavior. 
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FO = 
OD-PREFERENCE CHANGES OF MONKEYS SUB 


JECTED TO LOW-LEVEL 


IRRADIATION" 


ROBERT 


Department of Physiology and Biophysics, Un 


It is k 
thin AS. that most irradiated animals 
ad that ES after whole-body irradiation, 
Ne Size of t proportionality exists between 
! in food ¢ USES and the extent of the reduc- 
‘ming the ee per Little is known con- 
llity of effects of radiation on the palata- 
Problem Pati foods, and it is with this 
that the present study deals. 


METHODS 


Sub; 
Jecls and Irradiation 


Both 
Sq the 
She ne 18 young monkeys anc 


an dule a 
ari and 2 SET as 
"cle (3) | procedure are described in the prec 


1 the irradiation 
eding 


Pon 

a Preference Test 
taining + 

Morg aed in food preference. began three weeks or 
a ee unt and was continued three or more 
" Were ub 5 ; In most s three to five preference 
Y two =g each week although in a few instances 
in Figu S occurred, The test apparatus 1S illus- 
n" ire 1, It was mounted on a cart and placed 
The cage door was raise 
a set of bars which were 
placed the two 
hile the 
ised. 


an animal's cage. 


Des, Tay wa RC 

che itted Was pushed forward, and the monkey was 

rt ae obtain one of the foods. Twenty-lour 
als w 0 À 

M 5 were conducted at one time: he left and 


1 by three 
On e appeared equally 


` ach side. Fi Š 
used le. Four foods, 


apple, carrot, rais and p! 
nd , raisin, à I 
n, 100 r., 300 r., and 400 r. groups; 


f, and 
s ht i l bread for the 200 r. group- 
qp items, s 

Meation S, si 


apple, carrot, 
om four dif- 
are possible. and four 
of these were utilized at one testing. Tes 

s, but 


Y Darti 
articula , l 
Wag Dai ular food was presented during 12 tr 

red with any other food only four umes. 


ix unique pairings 


M 
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Sey This iiec - 
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intin i irradiation procedure. Some of the findings 
ARS or &Ported. were presented before the 1954 meet 
Meri the Western Psychological Association and the 
can Physiological Society- 
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RESULTS 


In interpreting the results it must be kept in 
at the nature of the preference test 
limited the size of change which could be re- 
corded. An animal had to choose one of a pair 
of foods on four presentations even though it 
had a low regard for both, and an animal could 
increase choices of a particular item only to 
the extent that there were choices in the past oʻ 
which it had passed up this item. A shift on 
one trial from the previous choice to a new 
choice is regarded as a single preference change 
although it was doubly recorded—once as à 
gain and once as a loss. 

It was feasible to run / tests only on the sub- 
group preference changes at the 400 r. level 
because animals irradiated at the other levels 
either showed no appreciable change or were 
bracketed with too few controls. The means of 
the differences in choices between the week 
before and the week after X-ray exposure 
yielded a / of 2.6, significant at the .05 confi- 
dence level, for the comparison of controls and 
experimentals in subgroup I. The comparison 
in subgroup H yielded a / of 11.3, significant 
at the .001 level of confidence. In subgroup 
III only one experimental animal exceeded its 
controls in preference shifts, and / lacked sig- 
nificance. 

That there was no obvious relationship be- 
tween size of dose and number of shifts in food 
preference can be seen in Figure 2. Here are 
plotted the differences between the percentages 
of changes recorded for experimental and con- 
trol animals, with the first week before irradia- 
tion taken as the standard (zero change point) 
for all animals. As previously described (3) 
scores have béen averaged as if all animals at 
a given dose level were irradiated on the same 
A value above zero indicates that the 


mind th 


day. 
shift was larger for the exposed monkeys, and 
a value below zero indicates that the shift was 


the controls. The mean change for 


larger for 
| groups generally ran between 6 per 


the contro 
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Fic. 1. Food preference testing apparatus. 


cent and 13 per cent, and the actual changes 
lor the experimental groups were often consid- 
erably higher. Thus, in the first postirradiation 
week the irradiated 200 r. monkeys registered 
a mean change of 29.5 per cent and the irra- 
diated 400 r. monkeys, 19.7 per cent. 

It was possible to test a number of the mon- 
keys shortly after they had received the radia- 
tion dose. No disturbance was found at 50 r. 
or 100 r., but one 200 r. animal refused food 
during four presentations (bread and raisin), 
and three of the four animals in the 300 r. 
group which were tested at this time refused 
food 20 times or more. Food rejection was still 
more striking in the 400 r. group; three tested 
5s made a total of 7 choices out of a possible 72. 
On all subsequent test days, nearly complete 
cooperation was secured from all monkeys. 
That the refusals on radiation day were not 


ti 
an 


o 


++ et o Ro 


DHANONHDO 
D 


1 


The difference between irradiation f control groups 


Percent change: 


i 
3 2 1 1 2 3 4 5 
Before irradiation After irradiation 


WEEKS 


Fic. 2. Food preference changes of irradiated monkeys. 
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due to any stress resulting from confineme" 
in the Plexiglas tube was shown by yen 
controls that were subjected to the €" i: 
irradiation procedure excepting actual eP 
sure to X rays. 


* z ference 

Generally, a return to normal gon js 

habits occurred by at least the fifth Sm 0 
a 


indicated in Figure 2, and an examin ays 
individual cases shows that several pune 
were back within the normal range by the were 
postirradiation week. Sustained shifts mint 
still in evidence for two animals at the esl 
tion of testing: one 200 r. monkey in ! pn 
week and one 100 r. monkey in the pei rence 
Individual differences in the food pre S that 
changes of the two Ss in mi 
showed the greatest radiation effect 
in Table 1. A general pattern may be de” 
in terms of animals’ increasing oF pe th 
choices of a particular item going ? 
preirradiation week (week —1) s ajo 
postirradiation week (week 4-1). 1 he ee 5 
of monkeys increased apple choices RE $ 
2 losses, 1 no change) and carrot gha sse 
gains), and decreased peanut choices | ih ver? 
1 no change), while their raisin pp i 
roughly stable. An examination of e shift 
cases which exhibited smaller preference "c gs 
and therefore lie outside the table, C^ s 


the picture of apple increase (5 gain» 7 rises, 
+ no changes) and peanut decrease jomin™ 
2 gains, 2 no changes), but reveals no € est’! 
tendency regarding carrot (3 gains, ` ne 


5 no changes) or raisin (6 gains, + joe the 
change). Such trends are not found am^ " nut 
controls where in 28 cases the gains d "E 
(or bread), carrot, raisin, and apple ii vere 
13, 13, and 11, respectively, and the loss 
16, 12, 13, and 14, respectively. 


es " 


DISCUSSION 


oct 
Although variations in preference do smí 
in normal monkeys, they are usually ‘ ch 
magnitude, and the obtained ratios for 
afford a fairly stable standard agains! yia 
changes induced by experimental va pr 
may be measured. The lawfulness of the how 
erences made by mon zey Ss has been de und 
strated by Harlow and Meyer (2), who ‘allet 
that the preference for larger over 9" ied 
amounts of the same food could be pr€ ^ py 
from a logarithmic scale of quantity, ant 
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TABLE 1 
rn NP PS Average Weekly Choices 
| Weeks 
Radiation | ———— —— - 
Dose (r) | Subject -1 +1 +2 38 | —1 +1 +2 43 
| - 
ma | | Apple | Peanut* 
wo | age J " z 
100 [9 | 50 1d 3.3 4,0 | 11.0 7.0 6.3 5.0 
200 F 0.0 4.7 5.3 2.0 | 8.0 2.0 8.5 10.0 
200 Gt | 48 9.3 9.8 6.8 | 9.6 1.5 1.0 | 3.0 
300 F | eo leo | oo | Be | Oo ee | 0.0 0.0 
300 T | L5 1.0 1.0 0.3 | 115 9.; | 10.3 9.7 
400 SNE 2.8 5T 2.3 3.5 | 10.5 2.8 7.3 9.5 
400 | $ 5.8 8.8 | 10.8 8.8 | 10.8 8.3 7.4 4.6 
J 3.2 9.3 9.4 5.2 5.8 5.0 3.0 5.0 
Carrot Raisin 
1 = ea — 
s 0.0 &7 3.0 3.0 BO | T 11.3 | 12.0 
200 4.0 B 1.3 20 | 12.0 | 11.7 12.0 10.0 
200 4.8 7.5 6.0 2.5 4.8 5.3 78 | U3 
3t 6.7 8.0 4.8 5.0 | 10.3 4.0 | 10.0 10.8 
a 3.0 3.3 à: 43 | $0 10.0 9.0 9.7 
A | ae] ae | CAR 12.0 | 11.7 | 10.5 
2 | 0.2 5.3 4.8 9.0 1.2 1.8 1.0 1.6 
0 5.6 7.8 5,2 5.0 9.4 2.0 3.4 8.8 
‘tac IE yy We ccu qon - ` 7 
Reg instead of peanut was used for 200 r. monk 


ed t E H 
o make selection on some trials. 


Bay: Sac 

the tile, and Harlow (1); 

E mo. m of choices of qualitat 

Mord Xls could be shifted in a regul 
cing to quantitative ratios. 


who found that 
ively differ- 
ar fashion 


interesting to note some disparities between 
food intake reduction and food preference 
shifts. Two monkeys—G and F -irradiated 
at 200 r. and 100 r., respectively, were clearly 
above their normal food intake during 


Size d &ppeared to be a relationship between at or ir norm: | 
9n the -ray dose and number of refusals made most of the postirradiation period but showed 
Variat day of irradiation, but an uncontrolled major and continued E preference changes 
the ple, namely, the temporal separation of (Table 1). Monkeys SNE and S, having re- 
Dorta St from exposure, is undoubtedly of im- ceived doses of 300 r. and 400 r., respectively, 
log nce, Informal observations indicated that showed some changes m food choices, but little 
by ppo version and, occasionally, nausea set in or inconsistent reduction in food intake. On 

1 the other hand, there were Ss who showed re- 


Ne e E 
2) .* end of the first hour when tl 
"or more 


fu 


rq. BrOups (except perhaps the 50 


ne dose was 


he 
put Mani of food intake meas 
ij, P'ished) indicate that eating € 


duced food intake and no appreciable change 
in preference; this phenomenon was most 
striking in the 300 r. group. The evidence 
points to the conclusion that a selective ano- 
possibly a selective appetite) may be 


urements 
lecreased 
r. and 100 


ion week. rexia (or 


n 
Exo) during the first postirradiat r m aee A 
a Die tests made shortly after exposures induced independently 9 variation in general 
foy, Xia did not extend to the preference hunger. . 
There is evidence that variation in hunger 


Sin à 
5 nor to an evening suppleme 


l wae 
"en Was consumed by all 400 r. 
© 9n the night of radiation day. 


hi 
& 


& 
Xhes: r 
W Petimental Ss disap 
la,» When the dose wa 

*d several we 


nt of banana, 


“00d intake differences between control and 
yeared in the second 
s 300 r., but probably 
eks more after 400 r. It was 


produced by changes in the length of the dep- 
rivation interval does not affect the prefer- 
es of monkeys (2) or rats (4, 6). In one 
(5), rats that developed bronchopneu- 
ded to react with indifference in a 
but their relative prefer- 


monkeys, 


enc 
study 
monia te! 
food-choice situation, 
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ences remained unchanged. Our monkeys 
Showed decided preferences throughout the 
period of radiation Sickness, during which 
drastic changes occurred in the blood pictures 
of those receiving doses of 200 r. or more. 

The lack of effect found in four or five of the 
six animals given 300 r. creates a problem. One 
hypothesis is that the preference habits incul- 
cated by practice were especially strong in 
these monkeys. The resistance to change in 
preference has been amply demonstrated in the 
rat by P. T. Young (6). However, even in the 
300 r. group a detailed examination of the 
data over the period of two days before to 
two days after exposure reveals a decrease, 
usually slight, in peanut choices in five of the 
six experimental animals. It is likely that with 
improved test procedures food-preference 
changes could become a very sensitive index 
of radiation effect. 

With the particular foods involved there 
appears to be a shift from high-caloric foods 
(peanut, bread) to low-caloric foods (apple, 
carrot). This could be linked to a decreased 
food intake if food intake and preference did 
not, as pointed out above, display independent 
variation. The particular shift found is also a 
shift from dry to moist food. The latter may 
be preferred because of dehydration. 


SUMMARY 


Free choices between four foods—apple, 
carrot, raisin, and peanut (or bread) -pre- 
sented two at a time- were allowed rhesus 
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monkeys both before and after whole-body 
irradiation. Initial and persisting ca 
preference were found in individual mater 
after doses ranging from 50 r. to 300 P ex- 
400 r. the difference between control an 


c osi 

4 «ot ali, significan 

perimental Ss was statistically - chosen 
: 5 ver 

Generally, apples and or carrots W ts less 


more often after treatment and pean ake 
often. It was noted that changes in se oi 
and in food preference did not always put 
pany each other. A return to normal o 

in most Ss by at least the fifth week. 
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THE FUNCTION OF THE MEDIAN CEREBRAL CORTEX IN MATERNAL 
BEHAVIOR OF RATS! 


JOHN S. STAMM 


California Institute of Technology 


" t ies portions of the cerebral cortex 
in the bue bee have important functions 
US investio; 2 hoarding ictivity. In a previ- 
after M (6) it was found that rats, 
mulated ons: of these cortical areas, ac- 
barding aa ent fewer pellets during 
vely, nnda: they had done preopera- 
ats with "os the hoarding performance of 
Sions was ateral ablations of similar dimen- 
T E SY the same in pre- and 
Ortes. af usi trials, Ablations of the median 
POR iens the amount of pellets. ac- 
“sures rt did not greatly influence other 
Nise fien: hoarding activity, such as the 
, Since h edt, OE speed of hoarding. 
S des. oarding activity s, at least partly, 
ES behavior pattern, 1t 15 probable 
tore De median cerebral cortex also per- 
ot nca important function in other patterns 
LE arned behavior. The maternal activity 
1 behavior 


investi- 


Qu 


Hie, - complex, well-integratec 
Bateq » Which has been extensively in 
y Wies Sturman-Hulbe and Stone (8) and 
Stone Sher and Sheard (9). Beach (1, 2) and 
or ica 1 ated the effects of 
ly d; lesions on maternal behavior of rats, 
Nhe jm pairment of several aspects of this 
"^, such as cleaning and gathering of 
oe parturition, nest construction, and 
ET of the litter. Deterioration of these 
hi Pie increased as a function of the mag- 
Vere wi the cortical ablations, provided they 
Per aar than 10 per cent and less than 40 
"Sion "t of the total neocortical surface. 
tot S of larger dimensions resulted in almost 
lys. 58 Of maternal behavior. In Beach's 
je, Patin (1) the group of rats with lesions 
“Otte en 10 per cent and 20 per cent of the 
Lr is Showed only small changes in patterns 
In ternal activity. 

the present investigation 


1), who investig 


Pups 
tens 


it was at- 


a research 


T 
i Tite 
Stan, S investigation was supported by 


Wiss Tom the Hixon Fund. The author v 
ME MS appreciation te N Ruth E. Estey and to 
lus È. Scheurenberg for their continued assistance 


this investigation- 


tempted to produce relatively small abla- 
tions, less than 20 per cent of the total 
neocortex, along the median cortex of rats and 
to compare the maternal behavior patterns 
of these animals with those of rats which had 
lesions of similar dimensions along the lateral 
cortical areas, and with unoperated rats. 


METHOD 


Subjects 

The Ss were albino rats (210 to 290 gm.) which had 
delivered one or two litters each prior to the experi- 
ment. Three groups of Ss were used: control rats KG, 
group), which were not subjected to brain operations, 
rats with bilateral ablations of the median cortex (M 
group), and those with bilateral ablations of the dorso- 
lateral cortical areas (L group). The experimental Ss 
were subjected to operative procedures similar to those 
previously described (6). xcept that the cortical tissue 
was removed by aspiration. Each operated 5, after it 
had fully recovered (at least 14 days after surgery), 
was placed with a male albino rat. If an S did not appear 
pregnant two weeks after mating, it was remated with 
a different male after an intervening rest period of one 
to two weeks. The groups of Ss consisted of 11 rats in 
the C group, 12 in the L group, and 16 in the M group. 
Three additional rats had lateral lesions of considerably 
larger dimensions than those in the L group and are 
art from the Ss in group L. 


considered apa 


Procedure 
The obsercation box Several days prior to parturition, 
as judged by the extension of xlomen, the 5 was 
placed in an observation box. Thi box consisted of two 
compartments, ch 17 in. by 22 in.. which were con- 
nected by a in. vide passage. The box was 10 in. high, 
and its sid and two hinged tops consisted of panels 
of wire screening A bin containing Purina Laboratory 
Chow pellets was placed in one corner along the parti- 
tion of one compartment, and a water bottle was placed 
the bin. For strips, 133 in. by 9 in., cut from 
were scattered on the floor of the other 
compartment. The | required number of observation 
boxes were placed in a basement room which had a 
between 70° and 78°F. 
Parturition. Vt was attempted to observe each S as 
after parturition as possible, at least within 12 hr. 
of parturition, the number of live and dead 
pups. the removal of fetal membranes, and the general 
appearance of d nliness of the pups were recorded. 
The quality o! nest construction and the degree to 
litter was gathered in the box were rated. 


which the b 1 
Pup ye placement. The number of live pups in each 


above 
paper towels, 
temperature 


soon 
The place 
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litter was recorded daily. Since most of the litters of Ss 
in group M did not survive more than a few days they 
were replaced by foster pups. During preliminary ex- 
periments it was observed that lactation could he 
induced in rats with median lesions by introducing 
foster pups one day after parturition, provided the 
pups were two to four days old. The rats would gen- 
erally not lactate if the foster Pups were placed in the 
box two or three days after parturition, or if younger 
pups were introduced on the first day post partum. 
Foster pups were used only when a large portion of an 
S's litter had died on the first day after birth, Addi- 
tional foster pups were added to an S"s litter on subse- 
quent days in order to maintain a litter size between 
five and nine, and preferably seven pups. Some Ss in 
the C group had pups removed when their litters were 
arge and no other foster pups were available. 
The fan tests. On the first day post partum, i, 
tween 12 and 36 hr. after birth, a 10-in. electric 
placed outside the observation box near the n 
the air blast was directed against the nest for period 
of 1 hr. If the nest was so compact that the air blast 
id not destroy it, the paper strips and pups were 
cattered by Æ after the fan had been running for 5 
nin. The blast was suffi iently strong to make it im- 
possible for S to rebuild its nest in the original. place. 
imilar fan tests were conducted on the second and 
üird days post partum. 
The heat tests. On the fourth and fifth days post 
partum a 645-w. radiant-type electric heater was 
placed outside the observation box near the litter for 
periods of 1 hr. During preliminary trials it was ob- 
served that pups which remained exposed to the heat 
could survive only from #4 to a maximum of 1! | hr. 
When the rat did not move its pups from the heat, 
they frequently. were able to crawl away themselves. 
If this occurred during the first l2 hr. of the heat test, 
the pups were returned to the heated area by E. 

The behavior of S was observed during the course of 
cach fan and heat test and was recorded at intervals 
of 3 or 10 min, Records were kept of behavior patterns 
Such as: the carrying of strips or pellets by the rat, 
nest-building, carrying and depositing of pups, the < 5 
running and resting behavior, and the distribution of 
pups and paper strips on the floor of the observa- 
tion box. 

Termination of the experiment. On the d 
last 


nao 


3 


zu 


y after the 
heat test the quality of nest construction. and 
gathering of pups were recorded. The rat and its litter 
were then removed from the box. , 
The operated animals were killed by perfusion with 
95 per cent alcohol solution. The brains were then re- 
moved, fixed in alcohol, and imbedded in paraffin. They 
were sectioned at 25 4, and every twentieth section was 
mounted and stained with gallocyanin. The lesions were 
reconstructed on standard Lashley diagrams, and the 
size of the lesions was determined with a planimeter. 


Rating Scales 
Vest construction scale. The type and quality n as 
nest which each rat had constructed was B Be 
daily. starting with the first day after the rat s plac s 
ent in the box. and at intervals during the fan ar 
mei 


JOHN S. 
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a was rated 


heat tests. The quality of nest constructior 
according to the following six-point scale: 
Ü— The rat made no use of the nesting ma i 
all; the strips remained where they had been 5 
by E -—: 
1 The rat moved a few strips on a floor compiti 
responding approximately to one-half of one ips wet 
ment. During a test only one or several stri 


terials at 
attere 


moved, . imple floor 
2 The strips were assembled for a Sir nent, but 

covering in a limited area of one compartn 

there was e sins 
3 -A crude nest was anged in’ 

were ted phn torn, and they were ara he 

limited floor area. The rating was also app iffe 


" cted in 
two or more small nests were construct 
corners of the box. P 
" aper strips; 
3 A real nest, using all the paper N earet 
structed. The strips were torn, the nest aj 
pact, with a good flooring a 
5 —An excellent, compact nest was 


yas CO 
con 


N 


pellets were used to strengthen the ^ Generally 5. 
the airblast could not blow it Hh paper 5 id 
available materials, including the smalles ru 


+ o nes! 

food pellets, and even feces were used in , seared 
ture, and the floors of both compartments fol 
very clean, : zd a nest S 
he process of the construction ofa ascribed m 
the pattern of nest-building des nost ol be 
normal rat (4). The rat first assembled 1 one comme 
available nesting material into a high pile bes e 
of a compartment (some control rats, derneatlt " 
fan test, had pushed the food bin 1 built p ne 
passage between the compartments anc parh 
there); it then made a depression in p of the 
pile, and finally improved the Cae ea iil ne 
of the nest, adding to the structure addi ip 
materials, such as fine paper strips, foot m 
feces. 3 or Bale 

Gathering scale. The degree of scattering P o th 
ing of the rat's litter was evaluated accor 
following four-point rating scale: 

O- The litter was scattered ove 


lowed 


lle 


T 
ne 
r the floor of o 


one 
both compartments. sximatel 
1 The litter was scattered over appre pa some | 
f ant, or 8077 
alf the floor area of one compartment, ihe 
half the f 


were placed underneath the paper Spe a 
where they were crushed to death. ; The ek clus 
applied when the pups were placed in severs 
the observation. box. 

2. Some pups were in the nest, list: 
nearby, Sometimes one pup was at a ds 
the nest. 
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RESULTS 
Cortical Lesions 
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Figures 1 and 2 show the reconstru > jan 
i 
of the lateral (group L) and the n e ol 
(group M) lesions, respectively. The $ 
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the lateral lesions was between 10 per cent 
and 28 per cent of the cortical surface, the 
mean was 17.5 per cent, and the median of 
these lesions was 16 per cent. The size of the 
median lesions was between 11 per cent and 
20 per cent, the mean was 15.8 per cent, and 
the median for this group of lesions was 16 
per cent of the cortex. It was attempted to 
produce lesions of approximately the same 
area and length for the two groups of Ss. 
However, five rats in group L had lesions 
between 20 per cent and 28 per cent. 

It was more difficult. to reconstruct 
lateral lesions, because connective tissue, 
which developed across the ablated areas, 
Giten pulled on the edges of the surrounding 
cortical tissue. Sometimes the width of these 
lesions appeared smaller than the inside 
diameter of the glass pipette, used for aspira- 
tion of the tissue. This effect tended to result 
in underestimates of the size of the lateral 
lesions, which was not critical, however, since 
the Ss with lateral lesions were to serve as a 
comparison group, with ablations of equal or 
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Fic. 3. Pup survival on successive days after parturi- 
tion (day P). The ordinate indicates the mean per 
centage of litters surviving. 
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" à of the 
somewhat larger dimensions than those 


M group 
x 5 > H [4 
: S ops is ue th 
During aspiration of the cortical tiss 


underlying white matter was nni 
damaged, particularly above the fa ge 
ventricle. An examination of the bram here 
tions showed that in 7 Ss of Group A onu 
was some damage to the corpus S rs d 
generally only along the anterior p some 
this structure. In rats no. 1, 32, and “udens 
unilateral damage to the caudate irfaces 


was also noted along the dorsomedial S evé, 
of its anterior portions. This damage, 'hibite 
was never extensive, and these Ss eX). 
no unusual behavior patterns. The UR 
sections were not examined for retro? 


degeneration. 


logic 


de 


Survival of Pups sap was 
The mean size of the litters at cer 
9.0 pups for the C group, 9.8 for che 
and 9.3 for the M group, which inc 
important differences between pee almost 
When the litters were first observec e well 
all the young of the C and L rats W odi Í 
cleaned and breathing. Most of ur and 
every S in group M were also pe^ ; 
breathing at that time, although a ups 
already dead. The placentae of all P ipi a 
served had been removed and the P 
peared reasonably clean. age o Us 
Figure 3 shows the mean percentag whic? 
litters of each of the three groups 0! ~ rtf 
were alive on successive days wed. jatet? 
tion. Eight control rats maintaine 
intact throughout the experimenta 
each of two rats lost one pup; an i 
lost five pups from a litter of nine € iei 
time. Rats with lateral lesions n s i 
siderable variability in the saru sur fa 
young, although on day 6 the end , 
was 79 per cent. Rats no. 24 an ng 
survival of only two pups each fro! | ead 
litters of 6 and 7, respectively, ane 
rats no. 22, 23, and 36 had un end 9. 
mately 50 per cent of its litter at En in oe 
the experiment. None of the oiher m M 
group lost more than one pup ps Joe 
experimental period. The loss of ee P 
not seem to be related to the exten 
S; ica esions. 
— 16 rats in group M only no. p? ing 
able to keep all its litter of 13 alive 


jcales ^ 
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ap" 
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cope perimental period, and no. 5 kept 5 
the other t: litter of 7 during this time. On 
group "ages all pups from 11 Ss in this 
Partum, = Pots on the second day post- 
pup sial. a criterion of 70 per cent of 
the Ss in fee diy 6, comparisons between 
Square coeffici and L groups yielded a chi- 
tes? core Glen of 2.0 (p 2 0, using 
the —— ection for continuity), whereas 

ponding coefficient between the € 


nd Y 
Coe M Broups was 12.6 (p < 1). These 
Siiil at indicate that the difference in 


a ` 
al of pups between the C and L groups 
Dine ee a not significant, whereas that 
ven the C a i wae hi ; 
Significant C and M group was highly 
l was F : 
tsiong s observed that the Ss with median 
t a generally did not nurse their litters, 
ge M in places distant from the pups. 
Yo q er, foster pups which were al least 
ays old hung on to the nipples of the 


s Cven ac: E d 
hey are as it ran around in the box, and 
t ation in 


eae iy able to induce lact ox 
IDs on pa rats in group M received oster 

Mte Mie first and on subsequent days 
Parturition, Only 2 of these rats lost 


Ste: a 
eri *T pup each during the experimental 
luring the fan 


Was st 


Bese 


vel 

s 2 * these Ss, of which ] 
Xx Ge day after they were placed in the 
hich n the other hand, of the 149 pups 
Oh, Were born to the 16 Ss in group M, 
Th is survived on the fifth day pos! partum. 
oy, © data indicate that death of the rat's 
late Pups was not due to its inability to lac- 
its Fia rather because the S did not permit 
Pups Ung to suck on its nipples- The foster 
Able i y hanging on to the rat's nipples, were 
Were © duce lactation in 5 and consequently 
the Able to survive. At the termination of 
Neg €xperiments these foster pups appeared 
hag V and as big as their litter mates which 
Wag Temained with their natural mothers. It 
flieg bserved that pups which were not nursed 
hag , "€ ween two and four days after they 
Wen removed from their mothers. 
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; Building 
Cop Bure 4 shows the mean ratings of nest 
8 Struction for the three groups of Ss on 
and after parturition. 


Ces; å 
D, S 55ive days prior t9 d s 
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iaken before each test, when the maximum 
ratings were observed for the day. The con- 
trol animals started to build loose nests 


several days before parturition and con- 
structed excellent nests during the post- 


partum period. During the fan and heat tests 
they rebuilt their nests in places distant from 
the disturbed area. Rats with lateral lesions 
differed from the control Ss in their nest- 
building activity mainly during the preparturi- 
tion period. After parturition their nests were 
constructed as well as those of the controls. 

The continued improvement in nest con- 
struction after parturition of the C and L 
groups may be related to the destruction of 
the nests by the air blasts. It was observed 
that many Ss in these groups built nests 
rated 5 after the first destruction of their 
nests by the blast. While constructing their 
nests, these rats frequently placed food 
pellets upon layers of paper strips which re- 
inforced the walls of the nests, so that the 
air blast could not destroy them. 

The quality of nest construction of rats 
with median lesions was greatly inferior to 
that of the other groups of 5s. Although Ss in 
group M used paper strips as a floor covering 
on the days after parturition, they were 
unable to construct real nests. Rat no. 44 
obtained one rating of 4, while three other 
astructed a few nests rated 3. The 
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; 4. Mean nest construction before (negative 
and after (positive days) parturition for the three 
The rating scale is defined in the text. 


groups. 
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maximum ratings for the nest structure of 
the remaining Ss in this group was never 
higher than 2. Moreover, as seen in Figure 4, 
no S in group M made any use of the paper 
strips until two days prior to parturition 
(when only four Ss began to move strips), 
and the mean rating on the day of parturition 
was only 1.3. 


Collection of Pups 


The normal, unoperated rat usually keeps 
its young in a compact pile in the nest, hovers 
over them, and permits them to nurse. This 
type of behavior is expressed by a rating of 3 
on the Gathering Scale. As seen in Figure 5, 
this behavior pattern was expressed by all 
rats in group C and by most Ss in the L 
group. In order for pups to be able to nurse 
and to survive, a gathering rating of at least 
2 is required. 

After parturition the litters of group M 
were generally distributed over the floors of 
the observation box. On the day of parturition 
and on the first day post partum only 3 of the 
16 Ss with median lesions obtained ratings of 
2 or 3. The curve of daily gathering for the M 
group, as seen in Figure 5, shows a continuous 
increase after parturition and on day 4, when 
the mean group rating was 2.4, only two rats 
obtained ratings of 1, and no S obtained a 0 
rating. The higher ratings may be the con- 
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sequence of the introduction of foster £3 
and the consequent lactation by ab m 
During this period the S's behavior had un n 
gone marked changes. Whereas before n 
shortly after parturition it frequently tess 
around the observation box in an am n 
manner or rested at a distance from its nu 
the rat subsequently hovered over i$ 
during long periods of the day. 


Response to Air Blast and Heat 


*« nests DY 

In response to destruction of their d 

the air blast most control Ss moved Lae 

ing material to one corner in the uncle i; 
compartment, constructed a new nest 


, nest: 
5 A E new n 
and finally placed their pups in the r ti 


: ; * xamp 

During the third fan test, for wo re 
i A Tia a A 

control Ss acted in this manner, à "m 


id ES m e com] 
maining rat rebuilt its nest in p outs 
ment where it was previously, bu jen! the 

` my 7 s| ner 
the area of the air blast. These rats 8l rod 


; ; z st, pel 
major portion of the hour-long d usuall 
on rebuilding their nests and ha of the 


constructed adequate nests at the enc 
hour. . 
The Ss in group L frequently did = om” 
the nest materials to the undistarbe 
partment but attempted to ae 
within the air blast. Even during Hs 
fan test only 6 of the 12 rats in E 
ceeded in constructing nests ee 
turbed compartments. The other Ss a! of th 
to reconstruct the nests in the area uic! 
blast and only finally built nests m 
corners of the same compartment. NE 
animals were very active in eig M 
and often ignored their pups until - 
succeeded in constructing new nests- 


x $ ; were 
The rats with median lesions ™ “ty and 
activit? yea 


concerned with nest-building Tisi ar 

therefore moved pups from the blas juring 
soon after the start of the fan test- for ex 
the first 5 min. of the third fan test 46 yer 
ample, the Ss in group M had move chere? 
cent of their litters from the air blast, V S 


the Ss in groups L and C had moved on Tt 
per cent and 6 per cent of their litters, 
tively, at this time. The Ss in the M ! 
however, did not systematically carr» tess!) 
young to safe places, but they ran aim and 
around the box, usually carrying pups: Ar 
eventually deposited their young on all pë 
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their litters as well as did the Ss in the L and 
C groups. 

The hour-long fan test was generally not 
fatal to pups which remained in the blast. 
None of the young of Ss in the C and L groups 
killed by any of these tests, and only 3 


cent of the litters of the M rats were 
per 


was 
per 
killed during the first air blast test, 1 
cent during the second, and none during the 
third test. 

During the heat tests the rat had to move 
its young lo safe places, if they were to sur- 
vive. During the second heat test, for example, 
all young of the control animals had been 
moved within 45 min., and 93 per cent of the 
L group's litters had been brought to safety 
within 1 hr. At this time 21 per cent of the M 
group's litters were still exposed to the heat. 
The aimless running behavior of a rat with 
n lesions is also expressed by the S's 
“retrieving time,” Le. by the time interval 
between the rat’s moving the first and the 
last pup of its litter to a safe place. The 
retrieving time for a control animal was 
never more than 15 min., 6 of the 12 Ss in 
the L group retrieved their litters within 
this period, and all Ss in this group hac 
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brought their young to safety within 60 min. 
after they started retrieving. Although all 
rais in group M moved some oí their pups 
from the heated area, only 10 Ss had re- 
trieved all their litter during the second heat 
test. The significance of the differences in 
retrieving time between groups of Ss was 
determined by chi-square coefficients for a 
criterion of 15 min. This coefücient was 
5.64 (p < .02, using Yates’ correction for 
continuity) between the C and L groups, 
and 12.55 (p < .01) between the C and M 
groups. The mean death rates during the 
two heat tests were 1 per cent for litters of 
the C group, 3 per cent for those of the L 
group, and 8 per cent for the litters of the M 
group. 

During the heat tests the control rats 
placed their litters in close piles at places 
distant from the exposed area, as shown by 
Figure 7. The Ss in group L did not gather 
their litters as well as did the controls, and 
the litters of rats with median lesions were 
scattered over the floors of both compart- 
ments. The Ss in groups L and C also con- 
structed nests during the heat tests, as seen 
by Figure 6, although thev had to enter the 
heated area in order to pick up paper strips. 
The Ss with median lesions, however, moved 
none or only a few strips during these tests. 


DISCUSSION 

In the present investigation rats which 
had been subjected to ablations of the median 
cortical surfaces copulated in a normal man- 
ner, gave birth to live pups, and generally 
severed the umbilical cords and removed the 
fetal membranes of their young. However, 
these animals did not gather their litters 
after parturition and did not permit their 
young to nurse. They ran aimlessly around in 
the observation box, frequently picked up 
and then dropped pups, and rested in places 
distant from their young. Although they 
sometimes moved paper strips to one area 
within a compartment, these rats never con- 
structed nests. 

After introduction of foster 
previous nursing experience, the va 
patterns of these Ss changed markedly. The 
foster pups, by hanging on to the nipples of 
the rats, were able to induce lactation, and 


pups with 
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the Ss subsequently hovered over their ne 
permitting the pups to nurse. The oen 
collected their pups, even after the litt : 
had been scattered, and the foster E 
survived. The marked increase in the du 
of gathering of the rat’s foster litter, 25 let 
in Figure 5, may be an expression of impro 


: al behavior 
ment of this aspect of maternal dem 
However, this increase may also be nnt 
as a phenomenon unrelated to Ma’, 


ats 
behavior. It may be a consequence of Der 
need to suckle its pups in order to reliev afte! 
tensions of its swollen mammary glands di of 
the onset of lactation. The independent 


ed 

A +. is supporte 

lactation and maternal behavior 2 Am 
ajes s =- ha 

by the findings that, in rats withe ands 


lesions, “destruction of the mammary P ns 
does not abolish or in any way distur? 
ternal behavior" (4, p. 34). . 

Maternal activity patterns ol 
lateral cortical ablations of dimens 
to those of the median ablations ' 
less than 25 per cent) were only 5 is, H 
ferior to those of the control anima ension® 
ever, lateral ablations of larger am cts 
(30 per cent or more) had marked € sper 
maternal behavior. In the presen! abl 
ment three rats were used with prs 
lions of 30 per cent, 37 per cent, um resp 
cent (rat no. 51) of the neocortex, y a 
tively, which were not included in P z all 
These rats exhibited almost total paa pirt” 
maternal activity. Although they Beacon 
to live pups, they only removed the = gather 
of a portion of their litters, did nee prac’ 
them, and let them die. They mac 3 nl) 
tically no use of the nesting materia roste" 
occasionally moving a few puc. 
pups hung on to the nipples of 5 sh ad at 
sucked, but only rat no. 51 was able t€ rod’ 
and then only three days after 


i or 
tion of the pups, while all the foster y, 
senera’? eal 


rals ^. 
mila! 
ions SM! 


the remaining two rats died. ( 2 aii 
response of these rats to the air blas Ss pos: 
tests was to run to a quiet place in i only 
stay there, and to ignore their P jc 
rat no. 51 removed some of its litter iwo 


T ; s he 
heated area. The behavior patterns of ! suere 
groups of rats with small and large * cith 
g 


lesions. respectively, are in agreemen! e 7) 
those described by Beach (1, 2) and Stok cl? 
The limits of the sensory and motor 4 
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of $ 
y [AD deneb cortex were determined 
techniques M means of electrophysiological 
matically by » results are shown diagram- 
"signa ted : anh M0, De 343), who also 
evoked Pe, area from which no 
Ype of leap could be recorded to any 
"sponses m 5 stimulation, and no motor 
Was stimulated be observed when this area 
ortical stri 5 » i This silent area is shown as a 
Id. seems : along the mid-line of the brain 
Cortex, “py 9 be identical with the median 
Marily the Ne median cortex includes pri- 
esignated oe and retrosplenial areas, as 
ogica] Sin Krieg (3), on the basis of his- 
the physi Ph ape : . 

he cin ae and behavioral functions 
gated = ate cortex have not been in- 
i Teview eee in animal or man. In 
là» py. the functions of the "olfactory 
dence Pribram and Kruger (5) found evi- 

Ot three separate systems in the 

R "phalon, The third system is composed 
plex Pu eni entorhinal, and retrosplenial 
ontot nd Ammon's formation, whereas the 
ey 


e : 
Mporal cortex and amygdaloid com- 
In an 


vesti 
a 


“nen ce 


“val = Included in the second system. 
Y inen of investigations on the functions 
rip, ain structures in these two systems, 
thar 4" and Kruger came to the conclusion 
b Ce i < at present, an abundance of evi- 
Tin s Plicates the second rather than the 
“eter Stem in emotional and social behavior, 
tiong rte evidence with respect to the func- 
D the third system remains sparse - - - 
i ui" there have been no reliable clues 
i lis] IURI studies as to the function of 
On system” (5, p. 129). 
‘hire the basis of the present evidence the 
m System appears to be involved in hoard- 
Oth ?) and in maternal activity» which are 
Pay natively complex and well-integrated 
Ysta 5 of unlearned behavior. The thirc 
NC Th Or the cingulate cortex» may there- 
Nig king PPlicated in behavior patterns of 
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group). The maternal behavior of the Ss was 
observed in an observation box, consisting of 
two compartments with a connecting passage. 
Strips of paper toweling were scattered on the 
floor of one compartment. Rating scales were 
developed for judging the quality of nest 
construction and the degree of gathering of 
the rat’s litter. The following results were 
obtained. 

1. The mean of the cortical lesions was 
17.5 per cent for the lateral and 15.8 per cent 
for the median group, respectively. 

2. The mean size of the litters at birth was 
9.0 for the unoperated, 9.8 for the lateral, 
and 9.3 for the median group, respectively. 
At the termination of the experiments, on 
the sixth day post partum, the survival of the 
original hitters was 93 per cent for the un- 
operated rats, 79 per cent for the lateral 
group, but only 12 per cent for the median 
group. After foster pups had been placed 
with Ss of the latter group, they were able to 
induce lactation in these rats, and 98 per 
cent of the pups survived at the end of the 
experiment. 

3. All Ss in 


the unoperated and lateral 
groups began to construct nests with the paper 
strips several days prior to parturition, and 
after parturition they built compact nests. 
Rats with median lesions never constructed 
nests, but only assembled the strips for loose 


floor coverings. 


4. The control and lateral groups kept 


litters close together, hovered over 
and suckled the young. The original 
e Ss with median lesions were 
scattered over the floors of both compart- 
ments, and were not nursed. After foster 
pups had been placed with these Ss, however, 
the degree of gathering improved, and on the 
fourth day post partum the litters were 
gathered nearly as well as those of the other 
two groups. 

5. The nests of the Ss were destroyed by a 
strong air blast during hour-long trials on 
three successive days, starting with the first 
day posi partum. Rats in the control and 
lateral groups rebuilt their nests in a corner 
of the undisturbed compartment and placed 
their pups in the new nests during each of 
these trials. Rats with median lesions did not 
reconstruct nests and, although they moved a 


their 
them, 
litters of th 


sä 
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majority of their litters from the air blast, 
they did not collect them in one pile. 

6. During the succeeding two days the 
litters were exposed to radiant heat for periods 
of 1 hr. Rats in all groups moved their young 
from the heat, but only the control and lateral 
groups moved paper strips to cover their 
litters. 

During the air blast and heat tests the Ss 
of the control and lateral groups moved 
strips and pups in a rapid and orderly man- 
ner, whereas Ss with median lesions ran aim- 
lessly around the compartments, picking up 
and dropping pups in all parts of the observa- 
tion box. 

The median cortex consists primarily of the 
cingulate and retrosplenial areas. Previous 
investigations found that these structures are 
not implicated in sensory, motor, or emotional 
functions. It seems likely that the median 
cortex has a unique function in the integra- 
tion of complex unlearned behavior patterns. 
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een demonst aes forced trials that has 
Cates (5, g S E by Zeaman and his asso- 
or S.R ees is little short of a catastrophe 
ant version M heer According to any ex- 
tuns to a d "Se theory, the reinforcement 
üse Viel oi en side of a T maze should in- 
Should s endency to go to that side, and 
end ei positive transfer if stimuli are 
tegularly fow the studies of Zeaman el al. it 
und that after a series of forced, 
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infor, 

ced trie A $ 

Boes ny trials to a given side of a T, the rat 

tals ^s Ne opposite side on subsequent test 
S. The su 


nomenon : ‘gestion of Zeaman that this phe- 
We inhi 1S primarily a manifestation of reac- 

he pain does not seem satisfying to us- 
pirical posue which have provided the 
"bition, , ASIS for the concept of reactive 1n- 
LT od of the subject (5) is severely 
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TM 
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‘Dong ascertain whether or not they 
"aen “Specific as required by the concept of 
der a s inhibition. Accordingly, We have un- 
lo Te ie a series of experiments planned, first, 
wa icate the first part of the Zeaman and 
n pa Study with some additional controls, 
“hee oy to study separately the depend- 
Varian, the observed alternation upon response 
bles and upon stimulus variables. 
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in an operant conditioning experiment involving water 
reinforcement for a tail movement. The total group 
was subdivided into three groups of males, M1, M2, 
and M3, with .V's of 6, 4, and 4, respectively; and two 
groups of females, F1 and F2, with V’s of 6 and 4, re- 
spectively. These designations will be useful in keeping 
track of the assignments of groups to experiments. 


Apparatus 

The animals were run on an elevated, single-choice 
o the maze used by Zeaman and House 
(9) in all respects except that each arm of the T was 
divided into a 20-in. section adjacent to the choice 
point and a 10-in. section containing the food recepta- 
cle. The maze was centered in a 6-ft. by 8-ft. experi- 
mental cubicle and diffusely illuminated by overhead 
lights located outside the cubicle. 


maze, similar t: 


General Procedure 

pretraining the 5s were handled, 
and each S was given short (ca. 1-min.) periods of 
ess to food on a detached goal stand until it had 
on two consecutive occasions. The Ss 
approximately 23-hr. food deprivation 
periment. On each maze trial (except 
»eriment [c]) S was permitted to eat 
h for 5 sec. on the goal stand; about 
p had been run, the animals were 


During two days of 


ace 
eaten promptly 
were run under 
throughout the ex] 
in Preliminary 
moist Purina mas 


20 min. after a grou 
given 20 min. access to mash in their living cages. 


s in the Zeaman and House study (9), forced trials 
accomplished by removing the appropriate sec- 
maze, leaving a single pathy from the 
starting point to the goal stand. Intervals between 
forced trials were 10 sec., including eating time. In the 
first part of the first preliminary experiment, the inter- 
val from the last forced trial to the test trial also was 
10 sec., but after the fourth day this interval had to 
0 sec. in order to allow time for switch- 
ing maze arms, and remained at 30 sec. throughout 
the remainder of the study. The directions to which a 
given S was forced on consecutive days were deter- 
one of the orders LRRLRLLRLR or 
RLLRLRRLRL; these orders were counterbalanced 
within groups and repeated as nec ys 
A response, left or right, was recorded on a test trial 
when the animal first placed all four paws on the maze 
arm to either side of the choice point. Alternation on a 
test trial will be defined as a left response by a rat 
which had just received a block of forced trials to the 
right side of the maze or à right response by a rat which 
had just received à block of forced trials to the left. 


we 
tions of the 


be increased to 3 


mined by 


PRELIMINARY STUDIES 

Preliminary experimentation was undertaken a 

order to make sure that the basic findings of Zeaman 

and House (9) could be replicated and to check on the 

lity that the animals were responding to their 
factory trails. 


possibi 
own ol 


EXPERIMENT 4 


-Mternation with Respect to a Randomly Varied 
Stimulus Characteristic 


From the preceding experiments, it would appear 
that alternation following forced trials does not depend 
upon reactive inhibition or similar response-associated 
variables, and must therefore be a function simply of 
repetit exposure to particular stimulus conditions. 
In order to gain more direct evidence concerning the 
latter aspect of this interpretation, we have conducted 
an experiment with the situation modified so as to per- 
mit repeated exposure of the animal to a particular 
stimulus characteristic over series of forced trials which 
involved varied response sequences. The additional 
apparatus required consisted of two removable covers 
for the tops of the maze arms. Each of these covers was 
20 in. long, with a hardware cloth top 115 in. wide and 
sheet metal sides extending approximately 2 in. down 
the sides of the maze arm; one cover was painted white 
and the other black. On test trials, in this experiment, 
the animal was run on a. T. pattern with both covers 
in place so that one arm was white and the other black. 
On forced trials, one arm was removed. 

The 16 rats used in this experiment included groups 
M1 and M2 and three rats each from groups F1 and 
V2. Each animal was given ten forced trials followed by 
ix days. Within each block of 
forced trials, the rat was forced five times to the left 
and five times to the right in one of the two orders that 
had been used for assigning sides in previous experi- 
ments. (Cf. General Procedure above.) By appropriate 
placement. of the covers, the animal was forced to go 
uniformly either to a black or to a white arm on all ten 
of the forced trials in a block, then given a choice be- 
tween a black and a white arm on the test trial. Over 
the first two days, each rat was forced to white on one 
series and to black on one series, with the same order 
of left and right forced trials on both days and the same 
left-right positioning of the black and white maze arms 
on both test trials. Over the last four days, each rat 
was forced uniformly to the color that it had been 
forced to on the first day (i.e., white in half the cases 
and black in half); the two orders of left and right 
forced trials and the left-right positions of the black 
and white maze arms were alternated from day to day. 

For purposes of analyzing the data of this experi- 
ment, alternation will be defined as choice on a test 
trial of the white maze arm if the preceding forced 
trials had been to black or choice of the black arm if 
the forced trials had been to white. Percentages of 
alternation, so defined, on the six test trials were 56, 
62, 69, 69, 69, and 62, respectively. Mean frequency 
of alternation over the six days differed from chance 
at the 01 level (f of 3.18 with 15 df), and the mean 
over the last four days only differed from chance at the 
05 level ( of 2.31 with 15 df). The confidence levels 
were unchanged when the data were subjected toan 
aresine transformation (/ values of 2.95 and tits 
respectively, on the transformed scores). It may iy 
noted that the test trial data do not deviate es X 
from chance expectation in any other respect that v 


a test trial on each of 
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have been able to detect. There is a slight over-all be 
in the direction of right turns, but the differente 

tween the obtained mean of 56 per cent right pum 
the chance value of 50 per cent is not significant 2 the 
-05 level. If alternation is defined with respect um 

direction of the last forced run preceding the test di 
an over-all mean of only 52 per cent alternation ^ y 
tained. Apparently we may consider that the ‘hat 
systematic relationship manifested in these data P 

of alternation with respect to color. 


GENERAL DISCUSSION f 
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The findings of this series of exp $ 
. d trials 5 


dicate that alternation after force ap 
best described in terms of a tendency t° 5, 
proach "new" rather than “old 
“old” and “new,” we refer of course 
lus variables associated with areas 
animal has or has not, respectively, m 
during the forced trials. Our condam 
somewhat at variance with that of Zeama! lace 
his associates (5, 8, 9), who concede that Face 
alternation” does occur, but still find 2 1 the 
for reactive inhibition in their account @ that 
phenomena. It may be noted, however only 
in their entire series of studies there d as 
one observation which can be interprete er- 
pointing directly to a dependence of the 2. 
nation upon response-associated A 
This observation comes from E perime ie is 
the Rothkopf and Zeaman study (5), : study 
similar to Experiment 2 of the prese" : 

in all respects except that in their in 
the orientation of the maze in the pe test 
changed by 180° between the forced “hanged 
trials while in ours the orientation was * ^ c 
only 90°. The difference in results, pope trial 
“response alternation” after ten force ours: 


traverse’ 


in their study and only 50 per Seat and 
is not easy to account for. If Rot j react” 
2 en a ae D 

Zeaman's interpretation in terms ¢ rimen! 


inhibition were correct, then our y les? 
"response alternation," since 1n 
place and response alternation te s 
both exist, must have been directly op 
while in our study only response alter 
could have been operative. saat can 
Even if it is granted that the animé ccn 
discriminate stimuli that have recently " 
approached from those that have not, 11E S nd 
tion remains why it tends to avoid the f0" jor 
on free-choice trials. The type of explan@ 
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E a au oS, recent investigators: involves 
Mimi sais en or characteristic of the 
account for ^ nas the necessary properties to 
"explorat Rn phenomena. The concept of 
gomery ory tendency" proposed by Mont- 
posed des at “stimulus satiation” pro- 
wd tired A (2), and that of “tired stimuli 
Š, 8) all fall ae proposed by Zeaman 
are inclined e this category For our part, we 
of these ey m" postpone consideration of any 
Mg the PR copiae which necessitate endow- 
hechanisms of with hypothetical processes or 
Simonious illa great generality until more par- 
ally une cie | have been systemati- 
ather sim vie. In the latter category, one 
tepresente! e possibility is that the alternation 
Occurred P i from learning which has 
etras lato H Yer during pretraining or m the 
Derimeni e environment prior to the ex- 
er j the rere would be a basis for this trans- 
Negative 5i were in normal environments a 
"Kevin, Correlation between probability of 
eceng zs reinforcement in a given location and 
Visited, oo which the location has been 
lation mi nan the average value of this corre- 
hay be under ordinary living conditions 
ter of sheer con- 
be difficult to 
Fur- 


Stimuli reinforced for approaching “new” 
*bproa. reti nonreinforced for retracing, ie. 
Of pe Ing “old” stimuli. Unless possibilities 

believe that 
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No ata of experiments on alternation should 
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ailable from 
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in g Tagment of relevant evidence 1 AY 
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[ Crime us 
Iq o € ment. conducted by John Gross erg 


ta Prinzen i > ri o t : 
Ours, aen in the senior author's advanced laboratory 
elis: ; re given differential 
lest. Nary training for two weeks prior to alternation 

animals 


i e me the preliminary training, all the sy 
Od Pelle ted, singly, to explore à table top on which 
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Tranged so that the anir b to avoid ap- 
s visited locations in order to ob 
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SUMMARY 


In the series of experiments reported we have 
attempted to isolate the class of experimental 
variables responsible for alternation following 
forced trials in the T maze. The basic design 
consisted in giving blocks of massed, forced 
trials to groups of rats, then giving alternation 
tests under appropriate conditions. The prin- 
cipal findings were as follows: 

1. The phenomenon of alternation following 
massed, forced runs to one side of a T maze, 
originally reported by Zeaman and House, v 
with experimentally naive rats; 
] that the animals were not 


replicated 
controls showec 
responding to their own olfactory trails. 

2. Forced runs to one side of the maze over 
a pathway which required both a left and a 
right turn on each trial were followed by nearly 
100 per cent alternation. 

3. When forced runs to one side of the T 
pattern were followed by tests with the orien- 
tation of the maze in the room changed by 90°, 
alternation dropped to a chance level. 

4. During à series of test trials, the alterna- 
tion tendency produced by preceding forced 
runs extinguished rapidly to a chance level. 

5. Forcing animals repeatedly to a black or 
a white maze arm which varied in left-right 
location from trial to trial resulted in signifi- 
cant. alternation with respect to the black- 
white stimulus variable. 

It was concluded that alternation following 
forced trials does not depend upon response- 
ariables, but is a function of repeti- 
tive exposure to particular stimulus conditions. 
Consequently, an interpretation in terms of 
reactive inhibition seems untenable. It was 
suggested that alternation may represent à 
transfer phenomenon rather than a manifesta- 
tion of a general decremental process. 
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) differing drive-reduction conditions 


and (c 
or thirst on a given 


(hunger versus hunger 


trial). 
This choice of sources of irregularity made 


it possible to state three specific testable hy- 
potheses. The test of the specific hypotheses re- 
(a) the total number of reinforce- 
ments during acquisition be held constant for 
all groups, and (b) the number of hours of food 
and water deprivation during acquisition and 
extinction be held constant. 

The specific hypotheses are: 

1. The more irregular the conditions of rein- 
of instrumental responses during 
e greater will be the resistance 


quired that 


forcement 
acquisition, th 
to extinction. 

2. The greater the number of types of re- 
sponses which during acquisition have been 
instrumental in obtaining primary reinforce- 


ment, the greater will be the resistance to ex- 


tinction. 
3. The greater the number of primary drives 


reduced by instrumental responses during ac- 
quisition. the greater will be the resistance to 
extinction. 

TAL DESIGN 


Sources of Irregularity 

Table 1 presents in detail the sources and 
ns of irregularity of acquisition condi- 
tions. Also, the table provides a reference for 
the symbols used hereafter in designating the 
various groups, each one of which represents 
ariation within each of the three sources. 
The assumption was made that A1 represented 
less irregularity than A2, B1 less than B2, B2 
less than. B3. and C1 less than C2. Positive 
reinforcement Was defined as remaining in the 
goal box on one occasion for 20 sec. in the 
presence of available food or water. Zero rein- 
cement was defined as the removal of the 
response box to its home cage im- 
response appropriate for 


variatior 


one 


for 
rat from the 
ly after the 1 
that trial was made; consequently, on zero 
reinforcement trials the rat was not allowed to 
r the goal box nor was the goal box door 


mediate 


ente 


303 
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opened. For the A2 groups the order of posi- 
tive and zero reinforcement trials was ran- 
domly predetermined. Only one manipulan- 
dum was “appropriate” for any given trial, 
that is, a response on only one manipulandum 
was instrumental either in opening the door to 
the goal box, or led to the removal of the rat to 
its home cage. For groups which were trained 
on more than one manipulandum (B2 and B3), 
the one designated to operate on each trial was 
randomly predetermined. Although both hun- 
ger and thirst drives were always present, only 
one type of primary reward was given on each 
trial, and presumably one or the other of hun- 
ger or thirst was reduced. For the C2 groups 
the order of presentation of primary rewards 
was randomly predetermined. 


Combination of Sources of Irregularity 


The sources of irregularity and variations of 
irregularity within each source were combined 
ina 3 X 2 X 2 factorial design, which allowed 
for the systematic combination of the condi- 
tions of irregularity in 12 different ways. One 
variation of each of the sources of irregularity 
was represented in the acquisition conditions 
of each group. Group A1BICI was trained 
under the most regular conditions, l'or this 
group pulling the chain was instrumental in 
the attainment. of food on 100 per cent of the 
trials. For Group A2B3C2, trained under the 
most irregular conditions, one or the other of 
the responses of pulling the chain, pressing the 
horizontal bar, or pushing the vertical bar was 
instrumental in the attainment of either food or 
water on 80 per cent of the acquisition trials. 

The systematic combination of the sources 
of irregularity provides a measure of the inter- 
action effects between the three sources of ir- 
regularity, a type of empirical information 
which has been totally neglected in investiga- 
tions of extinction. The experimental design 
also approximates the requirements demanded 
by Brunswik (1), in that it studies behavior 
under conditions which, because of the con- 
comitant variation of several variables, at 
least approach representativeness of actual life 
conditions. 


extinction Crileria 
‘Two criteria of extinction were used, one to 
i o 
parallel common practice, and the other t 
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was four successive 2-min. 
sponses on appropriate manipulanda. 
terion was as stringently or more Sn nction: 
defined than the usual criterion for exti of it 
Criterion II, employed for the purpose j the 
cluding Spontaneous recovery aspects J 
extinction process, was eight suce ; d 
no-response trials, four on one day 
on the next day. Criterion II is more 
than merely reaching criterion I on b» Uie 
sions, since it allows ample opportunity © cti 
reaction tendency to rise above the E. nibi- 
threshold because of the dissipation enche! 
tory potential. Criterion I may be ^ is 
upon several occasions before aisi tha! 
met. Each of these occasions indica " only 
reaction tendency has been lowered br erai 
to an extent which is insufficient t0 a ne 
the opposing spontaneous ME he 
greater the number of these a a dil 
more criterion II seems to be eem as ? 
ferent aspect of the extinction proc 
whole. . 

The use of two extinction crite vei 
tant for several reasons. First, it arcane may 
that the interpretation of an investiga ii a 5 
vary with the manner in which ext! ju = 
defined. Secondly, as Underwood (4, Pict! 


ro occ 


ria is 17 


D 
points out, there is need for more e ED 
information concerning spontaneous rec d ical 
Thirdly, for those interested in the pir hef 
problems of extinction, it is of interest W D 
or not a response has been completely =) i5 


i ; ser s 
guished rather than temporarily depressa 
is indicated with the use of a criterion li 
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itself » in the spontaneous recovery process 

oin . 15 necessary to use the two criteria for 
Parison purposes. 
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"s were 48 nai "-—- " 
des cre 48 naive rats, ranging in age Irom 120 
at the beginning of training. Two male and 


le retis 2 
the basis Tats were assigned to each of 12 groups on 
Figur E age and litter. 
e "s n 
Moyeq į presents a. diagram of the apparatus em- 
IRA. sisted of 


nd a ve: manipulanda, a chain, à horizontal bar, 
ate in bar which, when operated under the 
pen Me ee caused the door to the goal 
a short hen this door opened, the rat could pass 
t et mash) runway to enter the goal box, where food 
tableg p; or water was placed. Three selector switches 

? to determine which manipulandum, when 


OMe 

Tate, 

low, led, would tdi: als 

Wed p open the door. A by-pass switch al- 
any one of 


the mG open the goal box door without € 

Prevento pulanda being operated, and another switch 
‘Clecteg d the opening of the goal box door when the 
Feet e en Pulanda were operated. The E manually 
" The Ru its closed position. k 

ee Eu bee wiring of the apparatus permitted 
E direct atic recording of response characteristics. 
feson. Coord of all appropriate responses (that is, 


“PONSes mg i 
Were «Made on manipulanda whose selector switches 
nter even when 


on”) 4 

Ü oor ) appeared on an electric cou 

Ur hery to the goal box was prevented from opening. 
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periment the trials were spaced, that is, rat 1 was given 
trial 1, rat 2 trial 1... rat + trial 1, then rat 1 was 
given trial 2. Aiter the first day of preliminary training 
the 5s were under approximately 21.5-hr. food and water 
deprivation at the beginning of cach experimental 


session. 
Preliminary Training 
Preliminary training coi ted of training the rats 


to run from the starting box to the goal box when the 
This training was identical 


doors were opened by E. 
for all groups. except that for the C2 groups either food 
or water, and for the C1 groups only food was placed 


in the goal box. Preliminary training lasted four days. 
E 3 f ) 


Acquisition Training 

For all groups acquisition training began the day 
after preliminary training ceased, and lasted seven 
days. All manipulanda were uncovered for all trials but 
only one manipulandum was “on”; consequently, a 
response had to be made on the manipulandum which 
was “on” in order to open the door to the goal box (or 
to be removed to the home cage on zero reinforcement 
trials). Groups trained under condition Al were given 
the same number of reinforced trials per day as groups 
trained under condition A However, for the A2 groups 
additional zero reinforcement trials were included so 
that these groups completed a total of 112 trials in the 
same number of days required for the Al groups to 
complete à total of 90 trials. The zero reinforcement 
trials were interspersed among the reinforced trials; 
an equal number of responses on each appropriate 
manipulandum received zero reinforcement. 

On a typical acquisition trial, the rat was placed in 
the starting box, and the door from the starting box 
was opened. When the response appropriate for that 
trial was made, the door to the goal box opened. The 
rat entered the goal box and remained in it for 20 sec. 
On zero reinforcement trials, as soon as the rat made 
the appropriate response, it was removed from the re- 
sponse box to its home cage. After the completion of 
the required number of trials for the day, food and water 
d in the home cages for 10 min. 


were place 


Extinction Training 
an the day after acquisition 
ion procedure was 


Extinction training be 
completed. The extinc! 
all rats in all groups. ach rat was given 
spaced extinction trials per day. The in- 
trials for each rat was approximately 
10 min. Two minutes after the starting box door opened, 
the rat was removed to its home cage. After the com 
n trials, food and water were placed in the 
25 min. 
extinction the door to the goal box 
AM manipulanda were uncovered, and 
Il manipulanda which had been ap- 
propriate for that group during acquisition were “on” 
for all trials. Consequently, all responses on appropriate 
manipulanda were recorded on the counter; all re 
sponses whether on appropriate manipulanda or not, 
corded on the polygraph tape. 


were re Ses 
tinction training was continued in ten-trial daily 


raining was 
identical for 
ten, 2-min. 
terval between the 


pletion of te! 
home cage for 

Throughout 
never opened. 
for each group a 


IRE 


sessions until criterion I (four consecutive 2-min. trials 
with no responses on appropriate manipulanda) was 
reached. When a rat reached criterion I, it was given 
no more trials on that day. However, on the next day, 
and all days thereafter 5 was given the usual extinction 
training until criterion II (eight successive no-response 
i four on one day and four on the next day) was 
reached. For the purposes of this investigation, when 
criterion II was reached, extinction was considered 
complete. and the rat was dropped from the study. 


RESULTS 
Criterion 11 Dala 


Table 2 presents the means, standard devia- 
tions, and variances of log responses to cri- 
terion II for each of the 12 groups of rats. 
Each group was trained under different condi- 
tións of irregularity during acquisition. Analy- 
sis of variance was applied to this data and 
also to the corresponding data for log trials to 
criterion II. The analyses of variance indicate 
that for both indices of extinction the differ- 
ences between number of manipulanda are sig- 
nificant beyond .01 level. The differences be- 
tween reinforcement schedules for both indices 
are significant beyond the .05 level. For neither 
type of data is the difference between drive 
reduction conditions significant. All significant 
differences are in the predicted direction. None 
of the interaction effects is significant. 

To summarize, the statistical analysis of log 
trials and log responses to criterion II provide 
support for the general hypothesis that the 
more irregular the conditions of acquisition, 
the greater the resistance to extinction. Fur- 
thermore, the analyses provide definite evi- 
dence in support of the first two specific 
hypotheses. The A2 groups (partial reinforce- 
ment) made more responses and required more 
trials to reach criterion II than did A1 groups 
(total reinforcement). The B3 groups (three 
manipulanda) required more trials and made 
more responses than did B2 groups (two ma- 
nipulanda), while B2 groups showed more re- 
sistance to extinction than B1 groups (one 
manipulandum). The third specific hypothesis 
is not supported since C2 groups (reduction of 
two primary drives) did not show more resist- 
ance to extinction than C1 groups (reduction 
of one primary drive). 


Criterion I Data 
Analysis of variance was also applied to log 
trials and to log responses to criterion I. For 


2? MACKINTOSH 


Means, Standard De 


a2 | 
partial (Tots! 
Reinl. 


Tot l 


B1—One manip. 


Mean 2.05 | 2.44 | 2.35 
SD lr .24 JS 
Var. .04. .08  .02 
B2—Two manip. 
Mean 2.65 2.90 2.70 
SD JS ej £25 
Var. O04 03 08 
B3—Three manip. 
Mean 2.92 3.06 | 2.86 
SD 432 .12 AS 
Var. 14 .02 .30 
Totals for A and C Conditions z 
di Total AiPannr| ESO | pues 
ee aa | goes | eee 
y 2.07 
Mean 2.59 2.15 2.07 Pai 
SD H 31 40 2 
Var E 10 17 2 
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Zach gap in the black line represents one time that 
esents the number of trials between successive 


covery occurred. Because of the detinition of 
criterion II, it was possible for a rat to reach 
criterion I several times before criterion IT was 
attained. By definition, spontancous recovery 
occurred if responses were made after criterion 
I had been reached. Some rats made responses 
veral days before criterion I was reached 
ior the second time. The interval between each 
successive occasion that criterion I was met. 
is referred to as one occasion during which 
spontaneous recovery occurred, provided that 
some responses were made during this interval. 

Figure 2 shows the number of times that 
hed criterion I, and the number 
of trials that intervened between successive 
occasions that criterion I was reached, The 
over-all trend indicates that the greater the 
irregularity of acquisition conditions, the more 
frequently spontaneous recovery oct urred. The 
sis of variance, applied to the number of 
{ spontaneous recovery occurred, 
he difference between reinforce- 
beyond the .05 


for se 


each rat reac 


asions tha 


OC 
indicates that t e dii 
schedules 18 significant 
level. Spontaneous recovery oc urred on more 
occasions for A2 groups (partial reinforcement ) 
than for A1 groups (total reinforcement). Thus, 
he index of resistance to extinetion is 
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when t 
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the number of occasions that spontaneous re- 
covery occurs, there is some support for the 
hypothesis that responses acquired under ir- 
regular conditions tend to be more resistant to 
extinction. Figure 2 also indicates that the 
number of trials between successive attain- 
ments of criterion I does not always become 
progre: z less. Since the number of trials 
and responses are highly correlated, it would 
seem that extinction is not necessarily a grad- 
ual and decline in 


progressive response 
strength. Thus, Figure 2 provides substan- 


tiating evidence for the contention that ac- 
ceptance or rejection of hypotheses may de- 
pend upon the definition of the extinction 
criterion. 

DISCUSSION 

On the basis of this experiment it seems rea- 
sonable to conclude that for at least some 
sources of irregularity, the more irregular the 
conditions of acquisition the greater the re- 
sistance to extinction. The sources of irregu- 
larity which have been shown to affect resist- 
ance to extinction are differing reinforcement 
schedules and differing numbers of manipu- 
landa. Consequently, specific hypothesis 1 and 
specific hypothesis 2 are supported. This dif- 
ferential resistance to extinction was demon- 
strated when extinction was measured to a 
rigorous criterion which included measurement 
of behavior which, according to the more usual 
extinction criteria such as criterion I, would 
be called spontaneous recovery. Furthermore, 
the conclusion that resistance to extinction 
may depend on irregularity of acquisition con- 
ditions, is based on two indices of extinction, 
trials to criterion and responses to criterion. 
Specific hypothesis 3 concerning irregularity in 
the number of drives reduced was not sup- 
ported; however, the acceptance of the null 
hypothesis does not seem justified for reasons 
to be discussed later. 

The conclusions would have been somewhat 
different had the less stringent criterion I alone 
been used. For example, although the conclu- 
sions concerning specific hypotheses 2 and 3 
are the same for both criteria, this is not true 
for specific hypothesis 1. Furthermore, inter- 
action effects between reinforcement schedules 


id drive reduction conditions were significant 
n Cri- 


a 
when criterion I was used, but not wher 
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terion II was used. These discrepancies would 
seem to call for further investigation. 

It is not surprising that the concl : 
based on the two criteria differ somewhat, 
since criterion II. included measurement m 
spontaneous recovery. Although it would je 
that the entire phenomenon of sponi&ne 
recovery requires investigation, this study rion 
mits the conclusion that an extinction pe 
which includes spontaneous recovery yov 
an aspect of the extinction process dif el 
from that which is measured by a less pnr 
criterion. Consequently, caution 15 "s ol 
when comparisons are made betwee? have 
empirical data, if the extinction criteria 
not been defined identically. be 

The only interaction effects found » ed 
nificant were between reinforcement per. 
and drive reduction conditions when es i 
I was used. Therefore, in this experime! j 
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had the variables not been combined. € ig 
interaction effects to criterion H tt 
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mental responses, these results may be = io? 
as an indication that irregularity of acqui. 
conditions also affects the pers pence aft 
learned motives, However, the conclusion? 
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during acquisition was required as a test of 
the influence of this particular source of irregu- 
larity upon resistance to extinction. 

A word of caution should be given concern- 
ing the conclusions based on the results of this 
experiment. While it has been shown that the 
relationship between irregularity of acquisi- 
tion conditions and resistance to extinction 
does seem to hold for this particular reinforce- 
ment schedule and for these numbers of ma- 
nipulanda, there is no reason to believe that 
the relationship would hold throughout the 
entire continuum of irregularity. Moreover, 
although we have shown that up to three 
manipulanda, the addition of one manipulan- 
dum does add an increment in resistance io 
extinction, it is conceivable that after a point, 
the addition of one manipulandum would not 
appreciably affect resistance to extinction. 

Although we were unsuccessful in demon- 
strating a difference between the number of 
drives reduced (hypothesis 3), acceptance of 
the null hypothesis may not be justified. The 
negative results may have been due to the fact 
that the food reward was wet mash. Conse- 
quently, on trials in which food reward was 
given, it is possible that both the hunger and 
thirst drives were reduced. Because of this, 
there was perhaps little difference in drive re- 
duction for the C1 and C2 groups. An une- 
quivocal answer to this question awaits further 
research in which more care is taken to control 
the drive reduction conditions. 

The findings of the present study are en- 
couraging in that they provide some informa- 
tion which may be accepted as a partial 
explanation of the differential resistance to ex- 
tinction between laboratory and natural-life 
learning. The positive results make it specially 
pertinent that other sources of irregularity, not 
sampled here, be investigated in further stud- 
ies. The investigation of this concept in rela- 
tion to learned. drives and acquired motives 
would seem particularly desirable. 


SUMMARY 


An experiment was conducted to test the 
general hypothesis that, the more irregular 
the conditions ol acquisition of instrumental 
responses, the greater the resistance to extinc- 
tion of these responses. Three sources of irregu- 
larity were introduced into the acquisition con- 
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ditions: (a) differing reinforcement schedules, 
(b) differing numbers of manipulanda upon 
which instrumental reward responses could be 
made, and (c) differing drive reduction condi- 
tions. The sources of irregularity were com- 
bined in a 3 X 2 X 2 factorial design so that 
the influence of each separate source of irregu- 
larity upon resistance to extinction and their 
interaction effects could be measured. Forty- 
eight rats were assigned to 12 groups of four 
rats each. During acquisition one variation of 
each of the three sources of irregularity was 
represented in each group. The number of 
positive reinforcements and the hours of de- 
privation were held constant for all groups. 

Following the varied acquisition training, 
all rats were treated alike during extinction. 
Two measures of extinction, number of trials 
to criterion, and number of responses to cri- 
terion, were utilized. Resistance to extinction 
was measured to two different criteria. Cri- 
terion I, similar to the usual extinction, was 
four consecutive 2-min. trials with no re- 
sponses. Criterion II was eight consecutive 
2-min. no-response trials, four on one day and 
four on the next day. The more rigorous cri- 
terion II provided a more complete measure of 
extinction since it included measurement of 
spontaneous recovery. 

1. For at least some sources of irregularity, 
the more irregular the conditions of acquisi- 
tion, the greater the resistance to extinction. 
Irregularity in reinforcement conditions and 
in manipulanda conditions caused significantly 
greater resistance to extinction. Irregularity 
in drive reduction conditions did not affect re- 
sistance to extinction. 

2. The measured 


interaction effects were 
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not significant so that the observed mag n 
ship should hold regardless of whether y 
sources of irregularity are combined or 2 
separately. 
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Michigan 


of forced training, and employing a simple 
black-white discrimination problem. By re- 
cording latency of response to the positive and 
negative cue during forced training and per 
cent correct choice on the first free-choice day, 
two experimentally independent estimates of 
differential effective excitatory strength (Diff. 
sĒr) to the two cues may be obtained by 
utilizing the Hullian assumptions relating la- 


tency and per cent choice of response to s/n 
(8,5). 

METHOD 
Subjects 


42 males and 42 females, 
from the laboratory maintained by the Department of 
Psychology at the University of Michigan were divided 
into 16 groups, 12 of 6 animals each, and 4 of 3 animals 
each. Each group contained approximately equal 
numbers of males and females. The age of the animals 
ranged from 90 to 120 days at the beginning of training. 


Eighty-four naive rats, 


Apparatus 

The two-choice discrimination box designed by 
Lawrence (4) for simultaneous discrimination learning 
was employed. The animal was placed in the starting 
box, and a guillotine door was lowered, which started 
a Standard Electric Clock and presented the stimuli to 
the animal. The two walls and the floor of a goal cham- 
r were made flat black or flat white by arrangement 
of the metal liners and metal floor. A food cup, at- 
tached to and painted the same as the liner, was at the 
end of each of the 13-in. chambers. 

On forced trials one of the chambers was blocked 
of metal fitted to the opening and painted 
natch the apparatus. A 2-in. gap sepa- 
rated the starting box from the goal chambers. The 
lotine door was raised, stopping the clock, when 
animal’s hind feet were in the chosen goal chamber. 


be 


by a piece 
a flat gray to m 


guil 
the 


Procedure 

The animals were handled individually and allowed 
to cross between chairs until they would cross a 4-in. 
nd eat pellets from a dish at least three times in 
period. This preliminary training required ap- 
ely 10 to 14 € The animals were kept in 
1 living cages and were fed either 8 gm. (males) 
(females) of Miller Homogenized Dog Food 
daily. Deprivation time was approximately 22 hr. 

Forced-l jal training. Four ratios of nonreinforced 
trials to reinforced trials, 0/16, 4/12, 8/8, and 12/4. 
jbined with ! 5, 1, 3, and 5 days of forced-trial 


gap à 
a 2-min. 
proximat 
individual 
or 6 gm. 


were com 


running to form a 16-cell factorial design. The 12 cells 
employing 15, 1, and 3 days’ forced training contain 
six animals each while the 4 cells for 5 days of forcing 
contain three animals each. For one-half the animals 
black was positive, and for one-half white was positive. 

One day’s running consisted of 16 trials under the 
appropriate ratio with one-half the positive and one 
half the negative trials forced to each side according to 
à schedule which presented no more than two suc "e 
reinforced or nonreinforced trials to the same side. On 
à positive trial the animal was allowed to eat a moist- 
ened pellet of approximately .07 gm. in the presence 
of the correct cue. On a negative trial the animal was 
detained a comparable length of time, about 20 s 
in the negative chamber. Trials were spaced by running 
cach of two animals on a given trial before proceeding 
to the next trial. If an animal failed to cross the gap 
within 5 min., it was gently pushed out by moving the 
back wall of the starting box forward. 

Free-choice training. On the day following the last 
forced day and on all subsequent days until the cri 
terion of one perfect day was reached, the animals were 
presented with 16 free-choice trials with both the posi- 
tive and negative cue present on each trial The pos 
tion of the positive cue was alternated from side to side 
over trials under the restriction that it appear on each 
side 8 of the 16 trials each day. No animal was ever 
pushed on a free-choice trial. The noncorrection pro- 
cedure was employed. 


RESULTS 


Both the latency data from the forced trials 
and the choice data from the free trials were 
transformed to estimates of Diff. sx accord- 
ing to the Hullian assumptions for analysis 
purposes. 

Hull (3) specifies differential response speed 
(reciprocal latency) to the positive and nega- 
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TXBLE 1 s 
Analysis of Variance of Differences in Response p 
at the End of Forced Training —— 1. 


Source df Mean Square — P 
Days 3 0.8531 ve 
Ratios 2 0.1077 a 
DXR 6 0.0336 
Within cells 51 0.0318 
Total 62 um 
P " " forced 
speed, and hence in sĒp, at the end of 


8 /8, anc 
The ovet 
greatest 


training for the ratio groups 4/12, 
12/4 over 15, 1, 3, and 5 forced days. 
all rank order of the ratio groups from a In 
to least difference is 8/8, 4/12, and nek me- 
obtaining each point the reciprocal of Pea cue 
dian latency of approach to the ee the 
for each animal on the last forced ae om the 
right and to the left was subtracted vositivt 
corresponding response speed for the ys ar 
cuc. The points for 14, 1, and 3 forced crinis 
each based upon six animals while me each 
for 5 forced days involve three anima qime” 
The analysis of variance for the two Table 
sional factorial design is summarized a ratio 
1, where it may be seen that the ME cue 
groups which involve trials to the nega dicate? 
differ in Diff. sĒs(p < .05). Figure 1 ih viel 
that it is forced days 1, 3, and 5 we rced is 
this result. The main effect for Days ^n ? for 
highly significant (p < .001) while t^ 


tive cue to be linearly related to Diff. sEn. 100 [— 
Figure 1 shows the mean difference in response 
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Fic. 1. Mean. difference in r x 
end of forced training for the ratio groups 4/12. 8/8, 
and 12/4 over 12, 1. 3, and 5 forced days. 


free-choice day for the ratio groups 0/16. 4/1 


and 12/4 over 22, 1, 3, and 5 forced days. 
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DISCRIMINATION AND RATIO OF NONREINFORCED TO REINFORCED TRIALS 


or MBLE 2 
Son cu cmd ransformed Per Cent Correct 
Ratio Grois ak P lige Diy ior the Four 

PA he Four Forced-Day Li 


Source di 


"ee Mean Square F 


Days 

Ratios 

PX R 

Vithin cells 
Total 


11.094 
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3.002 


9 1.6032 
68 0.5341 
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rogis Forced X Ratios interaction 1s ap- 


mately 1, 


Perfor, Progressed may be noted. 

lays $e of the 0. 16 group after five forced 
B tto due to all three animals. 

b "ding to Hull (3), the relationship be- 
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TABLE 3 

Analysis of Variance of Transformed Per Cent Correct 

Scores on the First Free-Choice Day for Ratio Groups 
4/12, 8/8, and 12/4 on Forced Days 1, 3, and 5 


Source df Mean Square F 
Days 2 8.996 
Ratios 2 3.410 
DXR 4 «1 
Within cells 36 
Total 44 


Forced highly significant (p « .001) and the 
D X R interaction significant beyond the .01 
level. In view of the significant interaction it 
was decided to analyze the 4 12, 8/8, and 12/4 
ratio groups both for 15 day forced and for 1, 
3, and 5 days forced. The simple Between 
Groups-Within Groups analysis for !» day 
forced indicated that the three ratio groups 
differ (F = 6.387 for 2 and 15 df, p < .01) on 
Diff. sEx, with the 12/4 ratio demonstrating 
the largest difference. The analysis of variance 
al design combining the 4 12; 


of the factori 
3, and 5 


8 8, and 12 4 ratio groups with 1, 
forced days is summarized in Table 3. The 
nonsignificant D X R interaction was pooled 
with the within-cells to test the main effects. 
The ratio groups differ ($ < .05) with the 
same rank order of size of Diff. «E (i.e., 8/8, 
4 12, and 12 4) as was found for the response 
speed data. The main effect for days forced is 
significant ($ < 001). 
“The consistency of the 
may be seen in Figure 3, which is a 


two est imates of 


Diff. s 5 i 
plot of the ordinate values of Figure 1 against 
the mean of the transformed scores corre- 


points of Figure 2. The Pear- 
son product-moment correlation between the 
response speed estimate and the per cent 
choice estimate, based on the 63 animals in 
the 4/12, 8/8, and 12 4 groups, is .71. This 
value may very well be depressed by the ceil- 
ing imposed on the estimate of Diff. f, by 


the limitations of the per cent correct. choice 


sponding to the 


measure. 
DISCUSSION 
The hypothesis that differential ratios of 
inforced trials to reinforced trials 
in differential proficiency on a 
by both 


forced nonre 


should result 
discrimination problem is borne out 


the response speed and per cent correct choice 
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data. Under the conditions of the present study 
the 8 8 ratio was optimal, but it is to be ex- 
pected that the optimal ratio is a function of 
such factors as conditions of reward and non- 
reward or punishment and procedures and 
extent of pretraining. For example, the supe- 
riority of the 12 4 ratio group on per cent cor- 
rect choice after !y day of forced training may 
indicate that the pretraining developed the 
strength of the approaching tendencies to the 
point where, for eight forced trials, a nonrein- 
forced trial to the negative cue led to a greater 
difference in approaching tendencies to the two 
cues than did a reinforced trial to the positive 
cue, 

The assumed Hullian relationships between 
differential response speed and Diff. sf, and 
per cent choice and Diff, ; gain support in 
this study from the correlation of .71 found 
between the two estimates of Diff. sEn. Very 
similar results have been reported by Logan 
(5) in the context of a delay of reinforcement 
study, 


SUMMARY 


Four ratios of the number of forced nonre- 
inforced trials to the negative cue to the num- 
ber of forced reinforced trials to the positive 
cue (0 16, 4 12, 8/8, and 12 4) were combined 
with four degrees of forced-trial running (ly, 
1, 3, and 5 days) to test the expectation that 


different ratios should result in differenti 
magnitudes of approaching tendencies for i 
two cues on a black-white discrimination Pe 
lem involving rats. Latency of response uis 
two cues at the end of forced training ge 
percentage of correct choice on the first | de- 
choice day yielded two experimentally ie 
pendent measures of Diff. s£x. Signihenn ck 
ferences among ratio groups for Bolus i 
confirm the hypothesis. The ee sur 
between the two estimates of Diff. : iten] 
port the Hullian assumptions relating ü 
and per cent choice of response to Ew. 
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lion Proble 3d ve complicated spatial orienta- 
Sls (e Ins, such as the Hebb-\\ illiams 
hag bd 4, ». The fact that animals which 
Ents wer E visually impoverished environ- 
to animals E inferior in such. problem-solving 
ngs Nie a in more variegated surround- 
ays an BE suggests that visual learning 
Se of g i on role in the ability to make 
nd jon Hal visual cues. In fact, Forgays 
heed ig (4) suggest that such inexperi- 
'hese g S are less able to use spatial cues. 
the q deprivation studies have pointed to 
“ependence of complex spatial learning 
Vestipatny development; they have Bst 
| ( gr the importance of development 
Shae s spatial learning. 
à ‘in on simple spatial le 
thing Adult rats, “place” or ^X ) 
When 8 is superior tọ “response learning 


Naze the rats are required to learn à double-T 
lai in Situated in a visual environment con- 
8)1 48 marked extramaze stimuli (1, 6, /; 
loved S first experiment in this area (7) em- 
k oul à T maze with opposite starting alleys 
to € T). "This technique makes it. possible 
animals which 
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| A COMPARISON OF PLACE AND RESPONSE LEARNING IN VERY 
YOUNG RATS 


awn ANN WILLIAMS 


such problems by orienting to general spatial 
relations rather than by forming absolute 
stimulus-response connections. 

The problem of the present study concerns 
the ontogeny of such simple place learning. It 
is possible that rats, as soon as they can see, 
naturally tend to orient to spatial relations. 
On the other hand, it is also possible that 
young rats initially form specific responses to 
particular environmental stimuli, and that 
response to spatial relations, even of a simple 
nature, must await further development. 
Deese (3, p. 77) suggests that It AS 5... Very 
likely, [that] in early infancy, the rat learns 
simple stimulus-response units, in the manner 
suggested by classical conditioning experi- 
ments. It is only after a considerable amount 
of generalization and subsequent discrimina- 
tion that the rat can free itself from ‘pure’ 
stimulus-response learning." Stating the prob- 
lem more specifically, perhaps response learn- 
ing is more primitive ontogenetically than is 
place learning. Very young rats, if they tend 
to form absolute turning tendencies rather 
than to orient to spatial relations, ought to 
learn more efficiently as response than as 
place learners. It is this hypothesis which 
the following experiment seeks to test. 


METHOD 


Apparatus 
The experiment w 


9 ft, containing five stools, 
ack curtain, all opposite the door, a long 


ng the right side of the wall from the 
on which rested an audio-oscillator to 
table along the right wall con 


as conducted in a room 855 ft. by 
two chairs, two windows 


covered by a bl 
table placed alor 
door, and a table 
leit of the door. The 
d miscellaneous apparatus. The room had white 
ay concrete floor, and an overhead light, 
approximately over the choice point. An 
wooden double-T m: painted medium 
and made of boards 2!5 in. wide, resting on two 
tood in the center of the room. The distance 
from Sı to Se was 2 ft; the distance between the goal 
boxes was 4 ft. The goal hoxes were enclosed and were 
13 in. long. 5 in. wide, and 6 in. deep. Each contained 
a small g dish filled with Laboratory Chow in 
powdered and $ lid form. A black curtain covered the 
ach goal box. The rat living cages were 


the 
taine 
tile walls, a gr 
situated 
elevated 


entrance to C 
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kept in a room separate from the one which contained 
the maze. 


Subjects 


Sixteen albino rats, nine males and seven females, 
were used. Three females and five males 
as place learners. Four femal 
assigned as response learners. 


were assigned 
and four males were 


Procedure 


The rats’ eyes opened by the eighteenth day after 
birth. On days 19, 20, and 21, Ss were handled for half 
an hour each day in order to tame them? They were 
weaned into individual wire mesh cages on the twenty- 
second day. On days 22 and 23, they were placed for 
20 min. in each goal box and permitted to eat. Y dep- 
rivation schedule was begun the e ening of the twenty- 
second day, when all food removed from their 
cages, as it was cach night during the experiment. The 
deprivation period was about 10 hr. All animals were 
24 days old when the training trials began; six trials a 
day were given between 8:30 A.M. and 1 1 Before 
each day's series, the maze was rotated 180° to make 
learning on the basis of intramaze cues impossible. 
The rats were run in a different order each day. 

The goal box to which cach place learner was as- 
signed was determined by putting the rat at the choice 
point. The box toward which it turned was blocked by 
placing a piece of linoleum behind the curtain, and the 
opposite goal was designated as correct for that rat. 
The response learners were arbitrarily assigned the 
direction in which they were always to turn. A set order 
of starting positions gned to each rat, $122112 
or 8211221. All trials were conducted using the correc- 
tion method. The rat was lifted out of its cage and 
placed at the starting point. After entering the correct 
goal, it was allowed to remain until it had eaten for 1 
min. It was then lifted from the goal gox and replaced 
in its living cage for about 45 sec. before beginning its 
next trial, An error was recorded whenever the rat 
turned a body length in any direction from the choice 
point other than the correct one. The criterion for 
learning was ten consecutive errorless trials. No pre- 
training on a maze runway was given the Ss, since the 


? Particular effort was made to "gentle" the rats be- 


cause of the results of a preliminary experiment con- 
ducted by the authors with the assistance of Miss 
Rosalie Barnes, of Vassar College. The preliminary 
experiment was conducted in the same manner as the 
experiment reported in the body of the text with the 
following exceptions: only eight, somewhat older, rats 
were used as Ss; the sessions were conducted at night; 
the rats were not tamed at all prior to learning the 
maze, but were permitted only to eat for 2 or 3 min. in 
cach goal box. None of the four response learners 
reached criterion. Although three of the four. place 
learners were eventually successful, they required E 
large number of trials (the smallest number being an 
and were very erratic in eating. The authors decided : hat 
the rats’ timidity was probably responsible for their 


poor performance 
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intention was to inve igate their performance with as 
little prior spatial learning as possible. Nine 

The experiment was conducted in two parts. ining 
animals were run in June, 1954, and the remal us 
seven in July. One animal became ill the first day it 
run and had to be replaced. 


RESULTS . 

All eight place learners reached e a 
terion in 4, 8, 8, 9, 10, 17, 25, and 38 ae 
respectively; five of the response lear 3 
reached criterion in 7, 10, 15, 32, 8? jon. 
trials. (All scores are exclusive of crite?! ned 
Three response learners had 
criterion when their training was stopp ed à 
72 trials. Of these latter, two rats displey, a 
strong left-turning tendency, and the u^ hac 
tendency to go to Goal 1. Although an i 
been decided to stop training at 72 P 
learning had not been completed, 9! 138) 


, 


j: zin addii ials (tota’,, 
was run an additional 66 tria ( It did not 
je in} 


ra 


for its left-turning bias. In the 
statistical treatment only the first 
for this animal are included. 

The mean number of trials red 


uired 


unsuccessful response learners were ence 
score of 72 trials). The mean differ Jace 
24.7 trials to criterion in favor 0 ; 
group yielded a / of 2.28, significan 
the .05 level, for 14 df. "E D 

The difference in the average scores study 
place and response learners in pw 
although statistically significant, 15 ;qchit 


i 
x » Tolman, Í AUT 
than the difference found by Tolman, at al 


and Kalish (7). There was no overlap stu 
between the two groups in eis » 
Several factors may be responsible, the! 
difference between the two studies: a in 
may have been individual me n oC 
learning ability; (6) artifacts may ie 

curred, such as less marked extramazê iffe 
the present study, a smaller maze, ^ ome’ 
prehandling; (c) young rats may find ! 
what easier to ignore extramaze cues til! 
their elders, although place learning JP est 
easier than response learning under dint 
conditions. There is no basis for de" for 
which of these factors, if any, account? 


PLACE AND RESPONSE LEARNING IN YOUNG RATS 


thé -ovast 
ras P between our place and response 
T 
had. gu. PH to the mean difference 
significant val per trial (12.4 sec.) yielded a 
avor of the : x: beyond the .05 level, but in 
Probably hes ee group. This difference is 
given the cde 0 ihe greater number of trials 
ence js S e pe learners. The error differ- 
gnificant, 


CONCLUSION 


Ver 
yy " ` 
Y young place-learning rats are superior 


0 y 
n OY WE $ 5 
Situation young response-learning rats m a 

employing the double-T maze pre- 


Sent s 
ed in ; É rr 
! an environment containing marked 


trama, 
0 iare "This conclusion is interpreted 
Very inis. young rats which have had a 
lent find i opportunity for visual develop- 
naze Peh more natural to orient to extra- 
d. relations than to develop a turn- 
ney which would require them to 


Enor 

E Of orere H ] 

Cues, r overcome opposing extramaze spatial 
A SUMMARY 


n consi ting of a preliminary and 
ine ino was conducted to deter- 
Onse Je. relative efficiency of place and re- 
eter arning in very young rats situated in 
hem s oe visual environment. The 
‘tchie re was based on that of Tolman, 
kd a? and Kalish (7), utilizing Aft. by 
toon double-T maze placed in à well-lighted 


Or m v 
24 M. Eight place and eight response learners, 
ay until 


day: . 
ays old, were given 6 trials a d 


t ma 


To, 
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had reached a criterion of 10 correct 


] been given 72 trials. There were 
(a) a significant mean 


each 
trials or hac 
two major finding 
difference of 24.7 trials to criterion in favor of 
the place group: (b) the superiority of place 
learning was less marked for very young rats 
a comparison of 


than for adults, as seen in 
this study with that of Tolman, Ritchie, and 
Kalish (7). 
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SECONDARY REINFORCEMENT AND MAGNITUDE OF 
PRIMARY REINFORCEMENT 


MICHAEL R. D'AMATO 


New Vork University 


Considerable effort has recently been di- 
rected toward the investigation of variables 
which influence the strength of a secondary re- 
inforcer. Concerning the role of the amount of 
primary reward with which the secondary re- 
inforcer was originally correlated, Lawson (2) 
has lately reported that within the ranges 
tested by him, this variable fails to affect the 
strength of a secondary reinforcer. His pro- 
cedure involved associating a neutral cue with 
relatively high reward (HR) in one group of 
rats and with relatively low reward (LR) in 
another group. The strength of the secondary 
reinforcing value of the hitherto neutral stimu- 
lus was then determined for both groups. In 
Experiment I, resistance to extinction. fur- 
nished the measure of secondary reinforce- 
ment, while in Experiment II, involving a U 
maze, the direction of the subjects GS"s) choice 
was the dependent response. Both experiments 
failed to vield a significant difference between 
the performance of the HR and the LR groups. 

The present experiment explores the role 
of the same variable but with the potentially 
more sensitive procedure of correlating, for 
each S, HR with one cue and LR with a differ- 
ent cue. The 5 is then required to choose be- 
tween the two stimuli on the assumption that 
any difference in secondary reinforcing 
strength between the two cues will manifest 
itself in the development of a preference on Ss 
part. 


METHOD 


Subjects, The Ss were 20 experimentally naive, male 
albino rats, 60 to 90 days of age at the start of the study. 

Apparatus. The apparatus consisted in part of a 
straight alley 92 em. long. 10 em. wide, and 14cm. high. 
A small T maze was used for testing: length of stem, 
45 em.; combined length of arms, 70 em.; width, 10 
cm.; and height, 13 cm. Guillotine doors began and 
terminated the arms. In cach arm an 8 cm. movable 
foor section was located 20 em. beyond the center of 
the choice point. A slight dep ion of this section 
resulted in the illumination of a 7 w. bulb, defining a 
“choice” during testing. Two pairs of end boxes. E 
cm. long, 10 cm. wide, and 13 cm. high, were also um 
One pair was painted black and vertically st riped DE 
five 1 em. white lines; the other pair was colored w 


A black reward cup was used with the black end E 
and a white dish, fatter and wider than the black oe 
occurred in conjunction with the white end box. ihe 
straight alley, the T maze, and the first 8 em. 9! 


Dshade of graye, 
j* of tram 


a sched- 
r./day- 
[our 


end boxes were painted the "E 

Pretraining. Ten days prior to the beginning 
ing Ss were placed on a 23-hr. food deprivatiot 
ule, Purina chow pellets being available for ph 

Training. The 20 Ss were randomly ned S 
groups of 5 Ss each. Group BeC) received high A mid 
in the black end box and low reward in thea s 
box; the same was true for Group Bii. T he i on 
letter indicates whether Ss were to be eta Groups 
test trial 1 (explained below) or "incorrect a hite en 
WiC) and WD received high reward in the wh! 
box. , 

Training consisted of 70 trials on the straight * 
S day for the first five days and 10, day for m 
thereafter. Each day half the trials were io 1 yletelY 
goal box and half were to the LR box, an incom 


un c 
xus rials S foun 
random distribution being used. On HR tials one 


alley’ 


five food pellets, each weighing about 69 b. LR ciao 
pellet was found on LR trials, except the first in some 
when three pellets were given, In order to ol ; betwee? 
indication as to whether Ss were discriminating ses, OF 
the different reward value of the two goal i. with 
every trial the starting box matched the goal n were 
the difference, of course, that food cup and re hould: 


It was reasoned that : 
different 
re the ï 
h the 4 

sing 
Ja petit? 
apti 


absent from the former. art- 
after suficient training, respond to the 
ing box ad run faster on those trials where 
ing box corresponded to the HR goal box. Ww an 
switches attached to the doors, the ime 


he 10V 
f arinei ntil the 9" 
sing of the starting box door u C lnet cá 


jse 


of micri 
from the 
ing of the goal box door was recorded on 
brated in units of ! fop sec. 

On a typical trial, S was placed in thi 
and 10 to 15 sec. later, while S was facing 1) saine 
tion, the guillotine door was raised. The 5 rema ts 
the goal box for 30 sec. or until it grasped the i is wa? 
which usually occurred within the 30-sec. lanes 
then returned to the carrying cage. To. pe throu£ 
cessive thirst, water was made available haliw rds 
each day’ sion. From the second through the? 
ning day, d 
tained off. Twenty to 40 min. after the last tr! 
day, Ss were given food for a 1-hr. period. 
The average duration of food deprivation F 
start of a day’s trials was 21.5 hr.; range, 213 C0 was 
hr. The average intertrial interval on trials 2 9 / 
in.; range. 7 to 22 min. 
ing. Testing, which occurred on the day 
ning day 8, consisted of 15 free choices 0" 
T maze. In order to control for such influences as 
tion preferences and the like, the position of the 
and LR end boxes was assigned as follows. On 
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arting 9^ 
e startInÉ e. 


. s dire, 
ag in dt yin 


ven 


al 


at 


follow” 
the 
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trial 1, 


end box be E BC) and WiC) iound the HR 
other words Ee they turned right or left; these Ss, in 
lest trial fhe tae forced to he “correct” on the first 
of their first cl as hox thereafter appeared on the side 
And WL) aro iat The reverse was true for the BD 
first TEES AF regardless of the direction of their 
countered eke were "incorrect." ie. they en- 
Per cent level R end box. This procedure forces a 50 
Tésponse was ot reper on the initial test tri \ 
io activate b einen as an entry into an arm sufficient 
during most e ight connected to the floor panel. -\s 
i. st of training, the end boxes were curtained 


fi, T) 

DR Testen ies € 

Was SEM of time spent in the former goal boxes 
ed to 10 to 15 sec. Finally. although the food 


Cups 

5 Were pres A bi 

absent © present in the end boxes. food reward was 
H during testing 

su. Duben dea ava . . 

The ger drive at the start of testing was 21.5 hr. 


intertrial interval was 10.3 min.; range 


Ty; RESULTS 
„ Training. ‘The median score of each Son the 
ach of the c; as calculated for 
, Ye eight training days. The first. row 
o! Se ile 1 gives a daily tally of the number 
iter median on the HR trials was 
"cond ie median on the LR trials. The 
Ween ike presents the average difference be- 
Nees tm LR and HR medians. These difer 
only on bp small and achieve significance 
Rether. ^ d last day of training. Taken to- 
Was of den, it may be concluded that training 
lia] baud ad duration to produce differen- 
p Sponding on the HR and LR trials. 
= Table 2 presents the mean number 
the a to the side of the HR end box for 
$ lis groups. An analysis o! variance yields 
Conditig A F(p < 01) only for the C vs. a 
reuse There is a marked tendency for a 
Cwer ete the LR box on test trial 110 make 
Ss NGC. ! responses as compared with 
trect” on the initial test trial. Thus, the 


e 
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TABLE ! 


ari on 
rison of Response Time 


Ci 
m P 
» on HR and LR Tria 


‘Training Day 
1 |2 3 py àja]? 
No: sss = = 
L S with lower, 10 12 
jattian on HR 
i 


Aver, 
rage LR medi- ! 00 .99 — .60 .00 .34 .07 -09 .37* 
Hs Average 
R median 
{see.) 


* Sienineamtly different from chance at <.05 level 


TABLE 2 
Table of Means of the 15 Test Trials 


emnes Combined 


“Correct” Mekne 

Black 9.60 8.00 8.80 
White 9.40 8.20 8.80 
9.50 8.10 8.80 


Combined Means 


necessity of adequately controlling for the 
position variable is again indicated (2). 

Qur primary interest, however, lies in deter- 
mining whether the over-all mean exceeds 
chance expectation, ie., whether in general Ss 
preferred the side of the T maze which led 
to the former HR goal box. And indeed they 
did. When the grand mean, 8.80, is compared 
with chance expectation, 7.80, a | of 4.859 
emerges (p < 001). 

Another measure, one which leads to the 
same conclusion, can be obtained by consider- 
ing the number of Ss that responded to the HR 
side of the T maze eight or more times. If 
chance factors alone were operating during 
testing, we would expect on the average half 
the Ss to produce scores above the value of 
7.5. Actually, in the present case, 18 of the 20 
Ss yielded scores of 8 or better. Using the bi- 
nominal distribution, we find the probability 
of a difference of this magnitude or greater is 


less than .0004. 


The present results offer strong support for 
the position that, when two cues formerly cor- 
related with primary reward are pitted against 
each other, the magnitude of the antecedent 
reward is a variable affecting the relative sec- 
ondary reinforcing strength of the stimuli. 
Wolfe (3) obtained similar results with chim- 
sawson’s failure to find magnitude of 
reward Lo be an effective variable could be 
taken as indication that in some cases at least 
behavior fails to obey the simple rules of arith- 
metic. If it is assumed that his "neutral" (N) 
end boxes had equal reinforcing strength, 
Lawson" second experiment may be symbol- 
ized as follows: HR—N-a,LR—-N-5b 
since a = b IIR = LR. While this conclusion 
follows as à property of mathematics, it may 
be that for the behavior under study a corre- 
ng property does not exist. Tt is con- 
for example, that the factor of over- 


panzees. I 


s vondir 
ceivable, 


380 


riding importance in the above situation is the 
circumstance that both the HR and LR Ss 
encountered one end box on the U maze in 
which they had never been rewarded. In the 
present experiment the stimuli whose second- 
ary reinforcing strength was to be compared 
were placed in direct competition, permitting 
the influence of magnitude of primary reward 
to operate more directly. 

As noted earlier, the time spent in the goal 
box on HR and on LR trials during training 
was kept constant at 30 sec. This procedure 
was employed out of considerations of com- 
parability; Lawson (2) held time in goal box 
constant at 20 sec. However, the point may 
be raised that, on the LR trials, after consum- 
ing the reward, S could have engaged in re- 
sponses (e.g.. "frustration" responses) which 
tended to reduce the value of the LR goal box 
as a secondary reinforcer, and that the ob- 
tained results are to be ascribed to this factor 
rather than to magnitude of primary reward 
per se. While the effect of such a variable, if 
any, cannot be adjudged from the present data, 
two points should be mentioned. The first is 
that many of the Ss also consi tently finished 
eating the high reward well before the 30-sec. 
period expired, though naturally not as early 
as was the case for low reward. And second, 
although many Ss did in fact display frustra- 
tion-like responses on the early LR trials, e.g., 
searching behavior, upsetting of the reward 
cup, etc., normally this behavior soon disap- 
peared. Typically, 5 went to the cup, ate the 
food pellet, and spent the remaining time ex- 
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: " " of 
ploring the goal box. Nevertheless, the n 
the length of time spent in the goal box 
serves further study. 


SUMMARY 


H^ . z jals on 
Twenty hungry rats were given 70 pest 
a straight alley over an eight-day P 


EDS 5 P ath 5 foot 
Fhirtv-five. trials were rewarded with 


: hile 35 low- 
pellets (HR) in one goal box, while E «di 
reward trials (one pellet) occurred with pr 


criminably different goal box. Fifteen á 
rewarded test trials were then given = “the 
maze, the HR end box being on one side 9 an 
T and the LR box on the other. ee 
number of responses to the HR side — the 
chance expectation at the .001 level: 18 n 10 
20 Ss tested had eight or more m 
to the HR side (p < 0004). It was com tle 
that, where one secondary reinforcer is | E 
against another, the amount of primary was 
ward with which each derived reinforer able 
previously correlated is an important Pé sec- 
determining the relative strength of | 
ondary reinforcers, 
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SECON T — 
EC ONDARY REINFORCING AND MOTIVATING 
CONTIGUOUS WITH SHOCK ONSET AN 
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University of 


one of Meets agree that stimuli con- 
ary drive imi A need onset acquire second- 
ous ai pe s, and that stimuli contigu- 
Secondary Rated need reduction acquire 
is very Mene: properties (6, 9, 11). There 
0 Support is experimental evidence, however, 
Numerous ae general statement. Phere are 
tontiguous periments which show that stimuli 
lon becom ‘vith consummalory-drive termina- 
and ihera £ secondary reinforcers G, 4, » 1+), 
hat Slmuli c also a number which indicate 
E "ies enm itg with pain (shock) on- 
No Publisl Serondmty motivators (1, 7, 8, 10). 
Writers h hed experiments were found by the 
otia aA which indicate that stimuli 
come with consummalory driye onset 
With eo or that stimuli contiguous 
Por the DUE become reinforcers. (ile 
Publicaties final preparation of this paper for 
NI N, an experiment [13] was published 

his prob- 


"hic ! 
lem y obtained positive results on t 


As Se su 
beri Seward (12) has indicated, a critical ex- 
tina the former problem 
is à ae ‘The latter problem 
s re H H . 
fas rimental investiga- 
"udo ae ee ae 
Study. nd provides the r of this 

Cer 
driveg 
Tes 
p sent 


dealing with 
lifficult to design. 
accessible to expe 
subject matte 


acquired 


àin experiments in the area of 
to the 


bear a superficial resemblance 
there Study. ý Brown has pointed he 
demonstr a number of experiments i e 

Strate that the cessation of a fear-arous 
reinforcing" (2, P- 
from the obser- 


E sti i ste 
10) oue is empirically 
;CPhis inference is drawn 


ha 
wipe ^ that responses which are contiguous 
az the abrupt termination of a fear-arousing 


ater occasions. 
hasis from 
learned 
to the 


accrue 


st 

ý enitn tend to be repeated on | 

the D roin study shifts the emp 

due i apes which are presumably 

ite 6 their drive-termination function, 
avior-cliciting properties which may 
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PROPERTIES OF STIMULI 
D TERMINATION' 
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to stimuli which are present at the time of pri- 
mary-drive (shock) termination. 

An analysis of Miller's (8) classical experi- 
ment on acquired drives will illustrate the 
tion. Miller shocked animals in a 
white compartment and then allowed them to 
escape into a black compartment. On subse- 
quent test trials he found that the “previously 
neutral cues of the white box were able to mo- 
tivate the learning of a new response in the 
as do hunger, thirst, and other 
». 437). Miller indicates that this 
ned because it was reinforced 
animals’ escaping from the 
fear-producing stimuli of the white box. In 
this experiment Miller convincingly demon- 
strated that the shock (white) compartment 
had acquired secondary motivating properties. 
His experiment does not indicate, however, 
the nature of the behavior-eliciting properties 
accruing to the escape chamber. 

The main purpose of this investigation is to 
hypothesis that stimuli contiguous 
(shock) termination will acquire 
secondary-reinforcing properties. A second but 
less important hypothesis, since it has already 
been confirmed in other experiments (1, 7, 8, 
11), is that stimuli contiguous with shock onset 
will acquire secondary-motivating properties. 
The following design not only allows the test- 
ing of the above hypotheses, but also provides 
some data on the relative strength and extinc- 
tion rates of secondary reinforcing and moti- 
vating properties accruing to stimuli in a typi- 
shock-escape situation. 


above distinc 


same way 
drives” (9, [ 
response was leart 
as a function of the 


test the 
with pain 


cal 
METHOD 
Subjects 


Fifty-t 
months old reach 


hrec out of 147 male albino rats from 5 to 6 
ed the two criteria described below, 
and the basic data of the experiment comprise their 

s. The data for the 94 Ss that failed to reach 
a will be included only for compa "e purpos 

The Ss were taken from the colony maintained by 
ihe department. of psychology at the University of 
Missou They were maintained on a standard labora- 
tory diet of ground stock feed, with unlimited food and 
able at all times. 


respon: 


crite 


water avail 
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TABLE 1 
Description of the Different End Boxes 
Preference-Test Units 


sed in the 


End Brig Shape Sire — Material Floor Design 
1 — Striped Octagon 12" diam. Wood Sand 
2 Black Rectangle 12x 10" Wood Black wood 
3 Black Rectangle 12" 10" Wood False grid 
+ White Circle 9" diam. Tin White wood 
5 = White Circle — 9*diam. Tin — Falseerid 
Apparatus 


Preference and test trials. The preference-test equip 
ment consisted of four units designed for the four ex 
perimental groups. Unit SM:B. for secondary-motiva- 
tor: black, consisted of a black, false grid-floor end box 
versus a neutral black and white striped end box. Unit 
SR:B, for secondary-reinforcer: black made of a 
black. smooth-floor end box versus the striped end box. 
Unit SM:W, for secondary-motivator: white, was made 
of a white, false grid-floor end box versus the striped 
end box. Unit SR-W, for secondary-reinforcer: white, 
consisted of a white, smooth-floor end box versus the 
striped end box. All end boxes had 6-in. square open- 
ings and were 8 in. deep. Shavings were always kept 
beneath the grids. Table 1 shows the brightness, shape. 
floor design, size, and construction material of the d 
ferent end boxes. 

Each of the four preference-test units included. re 
straining chambers placed directly between the end 
boxes, All restraining chambers were 6 in. square and 
5 in. deep, and were covered with a wire mesh door. 
Unpainted guillotine doors at the ends of each restrain 
ing chamber were linked together by a pulley system 
which enabled the experimenter (£j to open them si 
multaneously. Each restraining chamber was divided 
in the middle, with each half corresponding to the floor 
design and brightness of the particular end boxes being 
used. An example of the manner in which the equip 
ment was placed together to form a unit is shown in 
Figure 1. 

Training trials. Three different units comprised the 
training apparatus: (a) a black rectangular shock com 
partment and a white circular escape compartment 
with a smooth floor, (6) a white circular shock cont 
partment and a black rectangular escape compartment 
with a smooth floor, and (e) a black rectangular shock 
compartment and an identical escape compartment. 
The different compartments in the training apparatus 
were of the same brightness. shape, size, floor d 
and construction material as the correspondir 
boxes in the preference test units. 

The compartments of a training unit were covered 
with a transparent plastic door at the top. and were 
separated by an unpainted, manually operated guillo 
tine door, Each unit was constructed so that the shock 
and escape compartments could be interchanged. 

The room was hted by a 25 w. light bulb lo 
4 fr. above the choice point of the particular pic À 
equipment being used, and a dim desk light in ieee 
corner ef the room. During all trials a stop watch wi 


used fo measure latencies. 
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1. Unit SX 


Experimental Design 


` x g NY soups 

Experimental groups. One of the motivation E given 

group SMB), secondary-motivator (black) — W nee test 
a series of preference trials in the SM:B prefere 


„group 
n r "WESS ur s 
unit, and one of the reinforcement. group m pret 


SRW), secondary-reinforcer (white) was ft 
erence trials in the SR:W unit, Both groups. Sale unit- 
trained in the black-shock white-escape col they 
They were then tested in the same units in whic? 


al factor’ 
rence te 
gecon 

rein- 


n : TUM ae 
Qvhite), and SRB), secon 


forcer (black) were given identical treatment. 
that the brightness and other characte 
posite to the above during preference, tritt 
test tria. 

Tt was predicted that the SM groups 
avoid the end boxes which were sim 
chambers, significantly more during test t 
they had avoided the same end boxes during y 
n It was also predicted that the Sk 
similar to the esef" 


ary motivator 


would 
to 


ria 


erence trials. 
would enter the end boxes 
hers significantly more during test trials than t 
during the preference trials. ! he 
Control. groups. During the experiment t 3 rati 
end box was painted black and white su ci 
than gray since gray is theoretically on the bla 
generalization dimension. However. 
of the preference-test apparatus contained pe ; 
end box, generalization of responses to these 1 
white stimulus elements became a crucial 
control in the experiment, Without such a Con -ing 
would be dificult to + When testing for rel 
whether 5 was approaching the © i 
or ave Vert 
hen 


since 


propertie 
Which was similar to the escape chamber or 2 
the stimulus components of the striped box which 
similar to those in the shock chamber, Likewise: YH 
testing for secondary motivation, it would be dime a 
to say whether Ss were actually avoiding the pres!” 


E 
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Treat TABLE 
atmei u— . 
po Predictions, and Stimulus Properties 
SENSEI Behavior for All Groups 3 


Test and 


Pred. -— 
Gr Pee Properties ol 
Sum Pref. T Stimuli 

rom To Affecting 
Behavior 
Be S Secondary 
w* sS motivation 
: SoHo Secondary 
Saw |B w s  W reinforcement 


Bes p* ge Be S 


moti 
Neither 


W vs. 


wes ope B 


false or inactive grid. 
M ed tive grid 
vand S re ; " 
S refer to black. white. and striped. 


either 
ates an 


Motives 5 
bonets aS stimuli, or approaching the stimulus com- 
95e in th inm striped end box which were similar to 
Two c * escape chamber. 
the 0: ‘ontrol groups were used in order to check upon 
Ssihle influence of such generalization. Control 
CSR), generalization control (secondary-rein- 
as given preference tri in the SM:B unit. 
s pu MD) GC(SM), generalization control (sec 
Shaw Motivator), was given preference trials in the 
Shock unit, Both groups were then trained in the black- 


k, black 3 ine is 

Ney we lack- ape unit of the training apparatus. 

Yd Tam then tested in the same units in which they 
en given preference trials 


„l to check en the 
operties to the 
chambers were 
effect. might be 


Lu 
mirol group GC(SR). was us 
Striped ernorm zation of reinforcing P” 
Menticg en Since the shock und escape 
pee a during training, a canceling t mi 
"einig, to take place in relation to the motivating and 
lt Wa ‘cing properties accruing to à black grid situation. 
ilo a Predicted on the basis of data gained from a 
Study, however, that the motivating properties 
be more powerful, and that Ss in this group 
Mig, Ml 1o avoid the black box : ignificantly more 
uring est trials than they had avoided the same box 
Would Preterence trials. Confirmation of this pred tion 
"ing. ‘dicate that were not responding to nm 
Striped Dp which might have generalized to fe 
esent box, since no white stimulus components NUS 
"ont Th; the escape compartment during (rales, 
Possit: Tol group GC(SM) v used to check upon the 
iility of generalization of motivating properties to 
riped box. With the confirmation of the predic 
lon m control group GC(SR), evidence of generaliza 
GC IS appear in the data of control group 
M), if motivating properties were actually gen 
GESE to the siria Dø It was predicted that the 
ny (SM) Ss would tend to approach the white endilias 
re during the test trials than they had during 
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properties which are assumed to affect the behavior of 
Ss in cach group. 

Cycles. Since Ss were selected on the basis of criteria, 
it was decided to run the experiment until at least eight 
Ss had been obtained for cach of the four experimental 
ind for each of the two control groups. Six 
required. before sufficient Ss met both 


criteria. 


Procedure 
Five seconds after S was placed in 
both guillotine doors were 
opened simultaneously. As soon as S's entire body, 
except tail, was within either end box, the doors were 
removed from the apparatus. 
Each 5 was given 15 preference trials, 5 trials per 
day. If S failed to enter one of the end boxes in 5 min. 
P 5 trials, or in 10 min. during the next 


during the first 5 
5 tri it was discarded. If S failed to respond in 15 


minutes during the last 


Preference trials. 
the restraining chamber, 


lowered and 5 wa 


t 5 trials, its preference trials 
were discontinued but it was retained in the experi- 
ment. The time criterion was progressively lengthened 

ed during the pilot study that 


because it was observ! 
there was à relatively rapid extinction of the "explora- 


tory drive" in the preference situation. 

Between trials Ss were kept in individual isolation 
cages. Approximately 15 min. elapsed between trials 
The positions of the end boxes were alternated accord- 
ing to sequences obtained from a table of random num- 
hers. A record was kept of the choices made by each 
S following the opening of the guillotine door: Ii the 
choice was in accordance with the hypoth it was 
given a score of 1; if against the hypothesis, it was given 
i On the few occasions when an animal 
within the time stipulated by 


a score of zero. 
did not make a choice 
the criterion, it was given a score of .5. A record was 
also kept of the amount of time which each S took in 
making à choice following the opening of the guillotine 


doors. 
Training trials. 


Each S was given 25 training trials, 
5 trials per day- The S was placed in the shock com- 
partment of the apparatus and the shock (280 w., 
500 K. ohm resistor) was turned on immediately. Five 
conds later. the door separating the shock and the 
nts was opened. As soon as S made 
the door was lowered. On every 
escape compartment the same 
d remained in the shock com 


ye compartme 
the escape response, 
trial S was kept in the 
length of time that it ha 


partment. "n 
Between trials Ss were kept in individual isolation 
Approximately 5 min, elapsed between trials. 

ns of the hock and escape compartments 
ited according to a sequence obtained from 
Jom number A record was kept of how 
ained in the shock compartment 


cages. 
The positior 


were alterni 
a table of ram 
animal rem 


long cach 


s The data may be found in ‘Table A, which along 
with Tabl B through S, are available from the ADI 
Auxiliary Publications Project. Photoduplication Serv- 
aut ibrary of Congress. Washington 25, D. C. Order 
Document No. 4043, remitting $2.00 for microfilm or 
DS or. photocopies. Make checks payable to. Chief, 
Photoduplication Service, Library of Congres 
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on each trial. The response was learned so rapidly that 
no criterion was needed. 

Test trials. The treatment given the Ss on test trials 
was the same as that accorded them during preference 
trials except for the following variations. Each S was 
n 25 trials. 5 trials per day, and an S was discarded 
if it failed to choose one of the end boxes in less than 
5 min. twice in succession before it had made at least 
20 choices. 


RESULTS AND DISCUSSION 

Preference and test trials. As indicated in 'Ta- 
ble 3, the results for the experimental groups 
were as predicted by the hypotheses. By means 
of the matched-/ test, it was found that the 
Shifts between preference and test trials in the 
choices favoring the predictions were highly 
significant. When analyzed by comparing pref- 
erence trials 1 to 15 versus test trials 1 to 15, 
the difference in the number of choices favor- 
ing the predictions for the SR groups yielded 
a ¢ of 3.25, significant beyond the .01 level of 
confidence. The shift in choices between pref- 
erence and test trials for the SM groups yielded 
a ! of 6.80, significant beyond the .001 level 
of confidence. Table 3 shows that the shift in 
choices for particular groups was significant 
except for the SR(W) group, where a / of 2.03 
was obtained with 2.36 required at the .05 
level of confidence. 

Table 3 also shows the above analysis for 
the control groups. In both cases the results 
were as predicted; with control groups GC(SR) 
avoiding the black end box signifi cantly more 
during test than preference trials, and control 
group GC(SM) showing no greater tendency 
to enter the white box during test than had 
been indicated during preference trials. A / of 
3.72 was obtained for the GC(SR) group, sig- 
nificant beyond the .01 level of confidence, 


TABLE 
Mean Number of Choices Favoring the Predictions 
During Preference Trials (1-15) and Test Trials 
(1-15) for All Groups 


Preference Test 
Group s SEp t b 
| N Mean Mean Diff 
SMiB) 8 6.56 12.56 600 1.37 4A .01 
SM(W) 10 7.80 12,05 4.25 D 8.52 |, un 
SR(B) 9| 6.44! 9.89 3.44 LUE | 3.30.02 
SRIW) 8 5.62 RRS 5| 1.60 | 2.03 
SM(B)+SM(W) 18 | 7.25 | 12.28 736 Ld ‘001 
SR(B)+SRIW) 17 6.06. 94 1.03 3 25 o 
GC(SR) 9 7.22 10.14 79 3.72 .U1 
9 GAL 5.89 0.22. .90 n 


GC(SM) 
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while the / for the GC(SM) group was 4, 
with 2.31 required at the .05 level of conf 
dence. P 
Thus, it is believed that generalization was 
not an important variable influencing the d 
havior of the Ss. The Ss in the GC(SR) a 
could not be said to be responding to the E 
forcing properties since there were no W ing 
stimulus components present in the train's 
Situation. Since the prediction for the Gc lizi 
group was confirmed, evidence of ee 
tion should have appeared in the data 0 rties 
trol group GC(SM), if motivating prope an 
were actually generalizing to the stripec 
This was not found to occur. timuli 
These findings support the view that 5 rein- 
contiguous with pain reduction aedi afon 
forcing properties and thus provide add lia 
experimental underpinnings for the M" th 
tion of the concept “need reduction l 
development of learning theory. 
Figure 2 shows the percentage ° 


eps 
[ choice? 


favoring the predictions for all s ta repre 
preference and test trials with the da ted that 
sented in blocks of 5 trials. It will be not , 


ntl 
: sas consiste?" * 
the curve for the SM groups was con 


higher than the curve for the SR gum 
both preference and test trials. power E. ol 
shift in the percentage of choices in A than 
the predictions was greater for the ` 1 tain 
for the SR groups, after the difference ° out. / 
during preference trials was partialed Me eni 
covariance analysis utilized for this 


purpos 

oye 

iie a 02 le. 

yielded an F of 7.24, significant at the - Í 
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W ; 

p atate the same for the two 
Moke Pi a that the . motivating 
tion of oa accrue to stimuli as a func- 
in terms of s need onset are more powerful 
are the reinf a influence upon behavior than 
Stimuli as à Dem properties which accrue to 
identica] s unction of the termination of the 
May be ied drive. Although objections 
“quality or Ted on the basis of presumed in- 
tomparisor units against making the above 
STOups, aa treatment of the Ss in the two 
llow the med sufficiently similar, not only to 
taaier toe ne but to justify limited 

uring tis from the results. - . 

tet the ne experiment H animals failed to 
Mals gil EN mial criterion, and 50 ani- 
able B (st bs meet the test-trial criterion. 
9 the ay see footnote 3) shows that the choices 
“tion pe himals that failed the preference CTI 
the y Mla seamed very closely, except where 
Uring as extremely small, to the choices made 
m aa Serenes trials by the animals that 
hote 3) preference criterion. Table C (see foot- 
e edi aria that the test trial choices of 
Dorteq als that failed the test criterion sup- 
Tha the hypotheses in all cases. 
indicate findings are important because they 
ene tte that the Ss which met the criteria 
selected on the basis of 


Te y X 

n 

Dres, 22t in some way f 
erate to favor 


e 

the ie factors which might op 
py Potheses, 

fe “ables D and E (see footnote 3) show that 

et cia trends were present in the re- 
Twzs atency data. 

COMM trials. All Ss learned the escape 

response very rapidly. By trial 15 the average 

2 tials f latency, when analyzed by blocks of 

8 lor each group, both experimental and 


Ny : 
is 7 a 
tri Jl, was less than 3 sec. Also, following 


Nal 4z 
Var 15, the average response latency of the 
| 2 sec. 


Ario, 

r he a groups never differed more thar 

the 4 raining data on the animals that failed 

fee criterion corresponded very closely to 
in ^. Mentioned above. These data are found 
ables F and G (see footnote 3). 

i ables H through S (see footnote 3) contain 
dividual data for all animals that met both 
teria, 

SUMMARY 
_ In order to test the hypothesis that stimuli 


TAN ? : "m Ericus 7 
Mtiguous with pam (shock) termination will 
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pick up secondary reinforcing properties, Ss 
were shocked in a black box and allowed to 
escape into a white box. It was hypothesized 
that the shock chamber would pick up moti- 
vating properties and the escape chamber re- 
inforcing properties. 5s were then divided into 
two groups and tested by placing one group in 
a discrimination situation where it was simul- 
taneously exposed to a box similar to the es- 
cape chamber and a neutral box, and the other 
group in à like discrimination situation where 
it was simultaneously exposed to a box similar 
to the shock chamber and a neutral box. In 
order to balance out preferential factors, two 
other groups were given identical treatment 
except that the brightnesses and other end box 
characteristics were reversed. The results from 
two control groups indicated that no generali- 
zat ion occurred . 

The results supported the hypothesis that 
stimuli contiguous with pain reduction acquire 
secondary reinforcing properties. The shift in 
the number of choices of the box similar to the 
escape chamber between a series of preference 
trials given prior to training and the same box 
following training was significant at the .01 
level of confidence. The shift in choices be- 
tween preference and test trials was also highly 
significant for the secondary motivation groups 
(.001 level of confidence). The data indicated 
that the curve for the motivation groups was 
gher (.02 level of contidence) 


significantly hi 
r the reinforcement groups. 


than the curve fo 
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No g 
iia of DU acceptable theory of the mech- 
ists, today n and food consumption 
havior itself Seems clear that consummatory 
terminatior provides some of the cues for 
| foo Men of eating, but the cues that initiate 
^ number dg sating are still unidentified. 
ave or | EE exist, but only two 
much recent experimental sup- 


Dort 

Namen 7 

Evel rid (7) has proposed that blood-sugar 
Provides the cues for both onset and 


TEE eR 
3), we of eating. Janowitz and Grossman 
"'Ooseq ; ming up many experiments, have 
üptesteq two-factor theory of satiety. Their 
havior a Sources of cues are consummatory 
Uude | and gastric distention, and they con- 
"nj that the two sets of cues must act in 
nction, 


E pe 
niq Xperiment by Kohn (6) suggests a tech- 


[9] E » 5 7 
Nger t obtaining further information on the 
that 5 mechanism. The experiment showed 
S C ini ~ H H 

Stop 9 injected by fistula directly into the 


mae 

Deane Would slow the rate of a subsequent 

Reste t response, although the same food in- 
ffect on the 


ed by mouth would have more € | 
Soly ics Kohn's "food" was à fortified milk 
x its physiological 

ent did not provide 


ietin. 2. Very complex in 
47,89 that the experim 
nature of the cues 
It showed 


Wisin y etian on the 
Clearly rom milk in the stomach. wW 
fter Te however, that some cue or cues arising 
! ood is introduced into the stomach are 
Portant, 

esent an 


Te experiments reported here repr 
hy Kop. to analyze the phenomenon reported 
“omp; P Since we were not concerned with the 
in, Prison of oral (taste, swallowIng etc.) plus 


Wag wel factors with internal factors alone, as 
ohn, we did not feel that the fistula was 
ch tul Xi technique. We used instead a stom- 
PR inserted through the esophagus, to 

Ice substances. Rate of bar-pressing 1n 


1h 
le ene 
Skinner box was our measure of drive. 
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E EFFECTS OF INTRAGASTRIC INJECTION OF VARIOUS SUBSTANCES 
ON SUBSEQUENT BAR-PRESSING 


MONCRIEFF SMITH AND MICHAEL DUFFY 


ersily of Washington! 


Aperiodic reinforcement with powdered Labo- 
ratory Chow provided the incentive. 


METHOD 


General Procedure 


Four experiments using the same procedure are re- 
ported here. The Ss were male albino rats, Sprague- 
Dawley strain, three to five months old at the time of 
testing. The subjects (Ss) of the first two experiments 
were experimentally naive, while those of the second 
two had been previously used in a T-maze study of 
secondary reinforcement. The avera ate of response 
under comparable conditions was lower for experiments 
3 and 4, so that comparisons between experiments must 
be made with great caution. 

In all experiments the rats were trained, under 22-hr. 
food deprivation, to press the bar. The usual procedure, 
fter preliminary tri ining, was to give three 16-min. 
ons of aperiodic reinforcement on successive train- 
ing days. Sixteen reinforcements, each approximately 
1, gm. powdered Purina Chow, were given during cach 
sion. In experiment 3, five days of preliminary APR 
were given in place of the three of the otherexperiments, 
in an attempt. to stabilize the rate of responding. 

In experiment 1 there were three experimental con- 
ditions; in the other experiments, four. The Ss served 
under each condition in every experiment, with one 
recovery day, spent in the home cages, between experi- 
mental 5 yng, The Ss were rotated through the 

xperimental conditions so as to counterbalance any 
ible sequence effec A battery of four Skinner 
was used, and as an additional experimental pre- 
caution, each experimental condition was represented 
in groups run simultaneously. Thus. in experiment 1, 
Ss were run in groups of three, while in the other experi- 
ments, there were four to a group. There is no known 
difference between the boxes, but any possible differ 
could not influence the means, since each S stayed 
in the same box for all tests, and cach condition was 
therefore represented equally often in each box. 

Test substances were introduced through a small 
rubber catheter. moistened with water and i serted 
down the esophagus into the stomach. The cathet 
attached to 2 hypodermic syringe. so that press 

Id be applied to speed the injection. Handling the 

or four usually took about 5 min and 
t into the boxes and started 5 min after 
jected. The average time elapsed 
and the beginning of recording was 


pos 
hoxes 


ences 


cou 
group of three 
the rats were pu 
the last one 
en injection 
5 min. 

sisted of 46 min. of exposure to the bar 
in a Skinner box. External conditions were exactly the 
in the preliminary me aperiodic 
nt schedule, with the same kind and amount 
The experiments thus dealt with the 


betwee 
thus about 
The test con: 


training 


reinforceme 
of reinforcement. 
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periments. The height of the points above the 
represents the mean number of bar-pressi 
in a Skinner box following intragastric in E 
cated by the label on the point. Responses during test 
were reinforced aperiodically with powdered chow. 

APR las ion of pretest t tining. Test condi- 
tions. includ " A40 cc. normal saline; M-10 cc. 
fortified milk; Su 30 per cent sucrose solution; A —a 
suspension of kaolin in water (40 gm. kaolin to 60 cc. 
water), with the amount of mixture indicated by sub- 
script; Glu—glucose (isotonic solution in Exp. 2a, 
molar solution in Exp. 4); Sorb sorbitol, Gly —glycerol, 
each in molar solution, 10 cc. 


elects of the intragastric injections on familiar, well- 
practiced, food-approach behavior. 


1 


This experiment was designed to check 
Kohn's results (6), and compare the effects of 
milk and a simpler nutritive substance, sugar. 
Twelve male rats were rotated through the 
experimental conditions. They got 10 cc. of 
normal saline, 10 cc. of fortified milk (Kohn's 
formula), or 10 cc, of a 30 per cent (30 gm. 
sugar to 70 cc. water) sucrose solution. 


EXPERIME 


Results 

The injections had a pronounced effect on 
subsequent rate of bar-pressing. The mean 
numbers of responses in a 46-min. test period 
(with variances in parentheses) were: Last day 
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APR, 231.6 (5797): normal saline, 2s 
(7471); sucrose, 37.2 (2562); and milk, e 
(11011). The means of this experiment, along 
with the others, are summarized in Figure A 

It can be seen from these figures that ap 
injection of saline had little effect on rate- hat 
average number of responses wag gomen 
higher after saline than on the third e 
day, but this difference is far from sign 
U = .75). All experiments using saline a iid 
a higher rate following saline than during 


E ces à ply 1€ 

pretest period, but this difference “eager! 0 

flects a trend toward slightly higher r4 athe! 
a 


response as the experiment progressed, i 
than an effect of the saline injection. 

Milk and 30 per cent sucrose solu! pu 
comparable effects. The rate tole put 
Was somewhat higher than after Suc eet 
the evaluation of possible differences n dit 
the means is complicated by a significa” 
ference between the variances. Only [is t 
12 Ss had higher rates following m^ mud 
following sugar, but 3 of the 7 were 
higher. : 

The effects of injection showed up ! 
ately, Average cumulative response 
were almost linear for the whole tes! P gase 
but the saline curve showed a slight js and 
in rate throughout the period, and m! seen? 
sugar curves showed a little more. - ec 
reasonable to say, however, that the € at 
injection showed up in the first 2 min. 
test (within 10 min. after injection). 


ition had 


han 


li- 


es 


mme 


erio® 


EXPERIMENT 2 


n 
acl, 
n A . " » effect. 
Several studies have considered the on 


; n 
subsequent eating, of the direct peat 3 
into the stomach of nutritionally ax wo 
The results are inconclusive, but al : ilk 
studies indicate that large LUN. 
inhibit or reduce food intake (4, 9) e 
be added that many patent reducing T 
seem to be based on this theory. 
The results of experiment 1 coulc 
preted as resulting from bulk in the : vs 
Gastric emptying of fluids is controllec pon 
by the tonicity of the solution. Norma 2 $ 
being isotonic, leaves the stomach im igt 
ately. The 30 per cent sucrose solution, str eral 
hypertonic, empties slowly, taking. . "silk 
hours to leave completely. The fortifiec he 
solution is approximately isotonic, but 


m 


sedie 


pe intel 


ac 
tomat 
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ied fne milk should slow emptying, as would 
r solids. 
bodie of experiment 2, therefore, was 
divided des the bulk. factor. Kaolin, a finely 
Dended in ys was used for bulk. It was sus- 
Which eii ater, 40 gm. kaolin to 60 cc. water, 
enough t € a slightly watery paste, just liquid 
Several b: Boss through the stomach tube. 
and hie were injected with this mixture 
began to bis ificed and examined. The kaolin 
min., but appear in the duodenum within 10 
half de Lit emptied slowly, so that more than 
Period ron REM in the stomach for the 
the inje 2 he test. Test conditions consisted of 
Mixture. ion of 10, 7, or 4 cc. of the kaolin 
Are, or 10 cc, of fortified milk. 
fas] ene a rats were used for two addi- 
investor The first of these was intended to 
an bur the effect of sugar alone, and. used 
" UM solution to avoid stomach disten- 
+ Each of the 12 Ss was used on two days, 


ne wi a A 
10 With 10 cc, normal saline, the other with 
W; r of conditions 
a 


fo 5 per cent glucose. Orde 
unterbalanced. I 
* second additional test was for duration 
30 € effect. Half the rats were given 10 ce. of 
of E cent Sucrose, and the other half 10 cc. 
Oxes EM saline. They were then put in the 

vane zieht Ss (4 sugar and 
i "ie ji and the 
em 


of h 


r a 4-hr. period. 
Ne) were on extinction conditions, 
aini : 

“ning four on continued APR. 


Res ulls 


be choice of milk as a control condition, 
fac. a on the belief that bulk was a controlling 
di Bre turned out to be most unfortunate. The 
Hees Nt amounts of kaolin had no differential 
: On response rate, and apparently kaolin 
Were. had none. The means (and variances) 
GEI: last day of APR, 168.7 (1248); milk, 
1 (3456): 10 cc. kaolin, 195.3 (347-05 7 cc 
182.6 (6178); and 4 cc. kaolin, 196.7 
ty ). On the following test with these same 
dij; omal saline was used as a control con- 

» With mean of 198.8 and variance of 


39s 


me analysis of variance of the three kaolin 
Mditions showed that the variance associated 
"Ih condition was less than the rat by condi- 
On interaction, indicating no differential ef- 
CCL of kaolin dosage. Comparing the kaolin 


leans with the preceding APR mean and the 
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following normal saline mean (all scores made 
by the same group of rats), we see no reason 
to suspect that any kaolin dosage had any 
effect on response rate. These condition means 
are summarized in Figure 1. 

Milk had about the same effect as it had had 
in the first experiment. The variance for this 
experiment was considerably less than in ex- 
periment 1 (3456 to 11011), but the difference 
falls short of the .05 level of significance. 

The second test, comparing the effects of 
isotonic saline and isotonic glucose, showed no 
differential effect. The mean following saline 
was 198.8, and following glucose, 187.5. The 
value of / for correlated scores was 1.10. The 
slight difference that did exist developed in'the 
last 20 min. of the test. 

The last test, dealing with the duration of 
the effect of 10 cc. of 30 per cent sucrose, 
showed too much variability to warrant much 
attention. The data suggest, however, that 
recovery from the injection begins to take 
place between 45 and 120 min. after injection. 


EXPERIMENT 3 


This experiment dealt with the effects of 
injection of different amounts of the 30 per 
cent sucrose solution. The Ss received 10, 7, or 
4 cc. of sucrose solution, or 10 cc. of normal 
saline. Twelve rats were used. 


Results 

The means (and variances) were: last APR, 
125.8 (4058); 10 cc. sugar, 28.8 (1213); 7 cc. 
sugar, 80.9 (2724); 4 cc. sugar, 105.4 (2385); 
and 10 cc. normal saline, 146.8 (4632). A plot 
of these mean response rates against amount 
of sugar solution (counting the 10 cc. saline as 
zero sugar) shows the effect to be approxi- 
mately linear. Cumulative curves showed that 
the effect was evident in the first 2 min. of the 
The four curves are approximately linear 
ghout the test period, although the 10-cc. 
does drop off a bit. 


test. 
throu 
sugar curve 


EXPERIMENT 4 


In this experiment we dealt with the effects 
of injections ol various carbohydrates. The 
is to find a substance that would not 


aim Wa 
like 


into metabolism, but would act 


enter ; 
glucose im other respects. This aim is not com- 
pletely attainable, of course, and sorbitol, a 


390 


sugar alcohol, was chosen. It has the formula 
CsHuO;- $H3O, so that its molecular weight 
is almost the same as glucose. It has a sweet 
taste, and has been investigated as a sugar 
substitute for diabetics. Carr and Krantz, in a 
summary of the literature (1), conclude that 
sorbitol is a precursor of liver glycogen, and 
hence, of blood glucose. Wick and Drury (12) 
report that sorbitol is not metabolized by the 
liverless animal. No evidence on rates of ab- 
sorption or take-up by the liver are available, 
although Ellis and Krantz (2) report the 
presence of increased liver glycogen in monkeys 
3 hr. after injection of sorbitol by stomach 
tube. The best guess would seem to be that 
sorbitol is absorbed more slowly than glucose, 
but that some was absorbed during the period 
of the test, and that some was converted to 
glycogen, and perhaps to glucose. 

Glycerol was the second test substance used. 
It is known to be a precursor of glycogen; in 
fact, it is converted to glycogen about as 
rapidly as glucose (8). It counteracts insulin. 
even if given by stomach tube after the insulin 
injection, so that its absorption and utilization 
are probably quite rapid (11). 

In an attempt to control gastric emptying 
time, osmotic pressures of the carbohydrate 
solutions were equated. The 30 per cent sucrose 
solution of the earlier experiments was approxi- 
mately one molar (.988 M), so that 1-M solu- 
tions of sorbitol, glycerol, and glucose were 
used. The Ss got 10 cc. of one of these, or 10 
cc. of normal saline. Sixteen rats were used. 


Resulls 


The mean responses per test period (and 
variances) were: last APR, 140.6 (1575); 
saline, 160.3 (1833); glycerol, 87.9 (1234); 
glucose, 25.4 (2319); and sorbitol, 26.7 (1573). 
See Figure 1 for summary of means. It can be 
seen that glucose and sorbitol depressed rate 
of response to an equal extent. Glycerol had a 
significant depressing effect with respect to 
saline, but significantly less than glucose or 
sorbitol. 

In an attempt to clarify this difference, We 
made some crude measurements on rate of 
gastric emptying for these carbohydrates. Ten 
of solution was injected by stomach tube. 
n minutes after injection the rat was sagt 
(sharp blow on the skull, and dis- 


€. 
Te 
ficed by : 
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; ; x as Hed off 
sected immediately. The stomach was tied o! 


and removed, and the contents milked into 2 
graduated cylinder. Three rats were used with 
each solution. The mean contents were: sorbi- 
tol, 5.0 cc.; glucose, 5.6 cc.; and glycerol, 3.6 
cc. The samples are too small to be taken very 
seriously, but the results suggest that nee 
empties more rapidly than the other su 
stances. 

Cumulative response curves with 
again were approximately linear, and d 


in the hour 
he dil- 


v [ the 
ferences showed up from the beginning y 
test. The glycerol curve showed a slight 


i n š » glucose 
during the 46-min. test period, and the gl 


curve rose slightly. 


DISCUSSION 
ies E " uent 
The effect of fortified milk on subsequ® 


rate of bar-pressing certainly seems pub 
phenomenon subsumable under the M a 
mechanism of the hunger drive. 1 he m these 
a complete diet, and 10 cc. of it gave jc Te 
rats approximately half their daily calor eth 
quirements. The question might be ae of 
however, as to whether our investigation 
carbohydrate solutions have anything 5 ia 
with the normal hunger mechanism. rh 
that sugar solutions had the same € 
sponse rate as did milk hardly proves 
did it in the same way. ] 
Since the rat has no regurgit aine 
direct evidence of nausea cannot be pui " 
but a number of considerations lead Sel Í 
lieve it was not present. The linear ks ecl 
amount injected, the absence of el smt 
kaolin, and the different effects of equio? " 
solutions of glycerol and glucose a s 
some other mechanism. So does the ac e ol 


ri 
x : Rois de qu Or WO a 
hungry rats will readily drink 5 v id there 
a 30 per cent sucrose solution. \ ye norm 


fore, that we were dealing with 
hunger-regulation mechanism. 

The nature of the mechanism 5 m 
uncertain, however, The experiment ks nol 
kaolin preload indicates that bulk alone effect 
a controlling factor. The absence of Hu ol" 
following a preload of an isotonic glucose * not 
tion suggests that blood glucose alone C2" pis 
be the controlling factor. In support © herë 
statement it should be pointed out that VS 
is physiological evidence (10) that abso 
of glucose is relatively independent of co 


ins 
| rema 


a 


til 
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Pian the intestine, This statement is a 
(3, p: du P of a complex problem 
tion tates T ae possible differences n absorp- 
solution mM E molar and an isotonic glucose 
difference E € es account for the marked 
iiio n their effect on subsequent be- 
of nu tie the possibility of a joint action 
mechanic; E blood glucose and some sort of 
testine TI distention of the stomach or in- 
asis i: s sharp depressant effect of sorbitol 
D ubt on this interpretation, since it 

$ doubtful that much sorbitol was con- 


Verte H 
d to glucose during the period of the test. 
it would seem 


our inte : E 
Interpretation is correct, 
than 


HAL EmENOAT & 1 
preio Pite is converted more rapidly 
ees tes. Or, possibly, the 


vidence indica 
glucose to 


Sorbi : 
Simul, molecule is sufficiently like 

ilate the cells receptive to glucose. 

SUMMARY 

same general plan 
measurement ol 
box following 
tube) of 
were 


nett experiments of the 
bar-pr Ported. All involved 
Mtragast mg rate in a Skinner 
Various ric injection (by stomach f 
e losen i Substances. The substances W 
by whi în an attempt to isolate the cue or cues 
„Which the rat is informed that 1t 1$ hungry. 
€ results indicated: 
a introduction of 10 cc ria 
~ OY Stomach tube has no effect on rate. 
in ce. of a 30 per cent (by weight) 
had a profound depressive 


thee e solution 
On rate -somewhat more than 10 cc. of 


ortig 
"tified milk. 

isot l'en cc. of a 5 per € 
Rae had no differential effect from 
ormal saline. 

Varying amounts of ine 
in. No differential effect, and 
5 ed to have any effect. 

+ The depressive effect on ra 


We 


sas of normal 
Sali 


ent. glucose solution 
n 10 cec. 


rt bulk (kaolin) 
Se no amount 
te is approxi- 


Ma 
tieli t S is: 
ber ely linear with respect to quantity of a 30 
ce " 2 
€nt sucrose solution. 


(equiosmotic) of 
different 
alcohol 


6 i 
glue One-molar solutions 
emo glycerol, and sorbitol had 

cts. Glucose and sorbitol (a sugar 
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which is relatively inert metabolically) both 
had the same depressing effect on rate. Glycerol 
depressed rate with respect to saline, but not 
as much as glucose or sorbitol. 

Asa tentative explanation of these results, it 
was suggested that two factors, stomach dis- 
tention and some humoral change, possibly 
blood sugar, must act in conjunction to reduce 
drive as measured here. The evidence sum- 
s interpreted to mean that 


marized above wa 
in isolation, be 


neither of these factors could, 
effective. 
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THE MODIFICATION OF SOCIAL DOMINANCE IN A GROUP OF MONKEYS 
BY INTERANIMAL CONDITIONING! 
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School of Medicine, Cniversity of Pittsburgh 


The conditioned response paradigm has 
been of some theoretical interest to social psy- 
chologists for many years. A number of writers 
have employed conditioning terminology in 
speculating upon the development and elabora- 
tion of social and emotional responses (7, 10, 
11). Others deny the applicability of condi- 
tioning principles to social phenomena, at least 
until sound experimental evidence has been 
reported (1, 2, 6). The discussions pro and con, 
about the usefulness of conditioning as a model 
in this area are somewhat ethereal in that only 
limited data from experimental social situa- 
tions are available upon which predictions can 
be based. Lambert has recently reviewed the 
theoretical and experimental extensions of S-R 
theory to social psychology (5). 

A previous report (12) described the proce- 
dures employed in interanimal avoidance con- 
ditioning and provided information concerning 
the rate of conditioning and extinction. In 
addition, the amount of generalization of the 
conditioned avoidance response to monkeys 
other than the conditioned stimulus was de- 
termined as well as the results of the specific 
discrimination training trials. Briefly, it was 
found that an avoidance response could read- 
ily be established in the monkey using another 
monkey as the conditioned stimulus; that such 
an avoidance response did generalize to some 
extent to other monkeys; and that with spe- 
cific discrimination training the stimulus ani- 
mal could be discriminated from other mon- 
keys at a high level. 

From the fear-reduction interpretation of 
avoidance conditioning the conditioned stimu- 
lus animal should acquire the property of 
eliciting fear in the conditioned animal as a 
result of the repeated association with a nox- 
ious stimulus (10). The present experiment 
was designed to determine whether fear devel- 
oped by interanimal avoidance conditioning 
would transfer to another situation and modify 
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animal and the stimulus animal. 


METHOD 
Subjects 
adolescent 
The 
social 
riod 


and two female 


A group of eight male adol 
in this experimen 


rhesus monk were the 
social dominance hierarchy and the nature of T 
interactions of this group had been studied for SE ol 
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E s ase animals 

this experiment. Previous reports on these anim (8) an 

detailed the stability of dominance behavior ition 
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the effects of social interactions upon discri 


learning (9). 


Apparatus 


The apparatus used to establish the D 
sponse has been described in detail in a previot 
(12). Briefly, it consisted of a large rectangu ne 
divided into two compartments separated by jnt 
way-vision screen. The floor of each compartme™ abled 
an electrifiable grid. Electronic control devices ene 
E to alter the illumination differentials in such + rough 
ner as to allow the conditioned S to see clearly å rement 
the one-way screen into the adjoining COT aN 5 
where the monkey serving as a conditioned ias hock 1 
present. A delay device presented an electric " of the 
the conditioning S following a 5-sec. Expos in the 
stimulus animal. The pulling of a bar ma escap? 
conditioning compartment enabled the anima’ ” within 
the shock or to avoid it if the response occurret a als? 
the 5-sec. interval. The instrumental respon" 
removed the stimulus monkey from view, tC reat 
terminated stimuli were employed. —— Wisco” 

Dominance tests were conducted in. ue e Harl 
General Test Apparatus (WGTA) described P 
and Bromer (4). 
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lid . TABLE 1 
als Conditioned to Avoid the Stimulus Monkey in 
Successive Conditioning Periods 
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ditioning S. During the initial five days the control 
trials were regularly alternated with conditioning trials. 
Gellermann series were utilized thereafter to intersperse 
conditioning and control trials (3). 

Since it was desired to test the dominance relation- 
ships in a systematic fashion throughout the experi- 
ment, conditioning trials were arbitrarily run for eight- 
then dominance was determined for the 
entire group of animals on the ensuing five days. This 
alternating sequence was followed for a period of 14 
eks (seven conditionings and seven dominance tests). 
The individual animals which were conditioned to 
avoid no. 53, and the temporal order of their condition- 
ing is detailed in Table 1. 

One additional conditioning was attempted during 
the experiment, Animals no. 54 and no. 56 had been 
with each other for second position in the 
months. This dominance 
flexible and, therefoze, 


day periods, 


wel 


competitive 
dominance hierarchy for many r 
relationship was known to be 
would be sensitive to the effect of such an independent 
variable a: interindividual conditioning. As indicated in 
Table 3, no. 56 had gained ascendancy over no. 54. 

54 was made the stimulus animal for 


Consequently, no. 
avoidance by no. 56 during conditioning periods 3, 4 
and 5 in an attempt to determine whether no. 54 would 


assume dominance over no. 56 in the social interaction 


situation. 

The specific procedur 
dominance hierarchy withir 
was fully described in a previous paper (8). Essentially, 
each animal was tested for dominance against each 
other animal in the group in a standardized food-getting 


es employed in determining the 
n the group of ten animals 


situation. 
RESULTS 
‘The dominance data for the six tests pre- 
ceding interanimal conditioning and for the 
seven tests which occurred between successive 
conditionings are shown in Table 2. Each entry 
is the dominance rank achieved by an animal 
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TABLE 3 
RR N umber of Raisins Obtained by Animals No. 54 and 56 on Successive Dominance Tests 
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M tin d of the seven dominance determinations 
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2, the “ae As indicated in Table 
“curred Y significant changes in dominance 
Mowwin in the increase M status for no. 39 
E conditioning periods 53. E 8,0; and 7, 
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Soc ie Sach conditioning period are 
1 Padi id in Figure 1. With regard to the 

d oe for specilic individuals, it pa 
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Sed. ae no. 57 and no. 33 were not re- 
a of VANS the fact that 57 was given a 
)60 experimental trials (480 condi- 

z and 480 control). Animal no. 52 be= 
"d submissive to 53 following the second 
ine avoidance conti Moning trials and re- 
ns subordinate i. 53 throughout the 
;Dainder of the experiment. Following the 
ing period no. 53 was submis- 


n condition 


and no. 56 (an animal never 
conditioned to avoid no. 53), he tied in amount 
of food secured with no. 55, and dominated the 
remaining six animals in the group. Animal 
5 regained his dominant position over 


3 on the following test, but all other ani- 
r status with respect to 


sive only to no. 57 


no. 
no. 
mals maintained thei 


no. 53. 
The conditioning of no. 56 to avoid no. 54 


resulted in a reversal in dominance relation- 
ships following the third week of conditioning 
trials (conditioning period no. 5). Table 3 
includes the results of four additional posttests 
‘h occurred during the five months fol- 
last conditioning period. It can be 
posttests no. 36 regained 
his dominant position with respect to no. 54. 

Data concerning the rate at which the avoid- 
ance response to another individual is acquired 
in this apparatus were reported in a previous 
12). The subjects in the present experi- 
not conditioned to a criterion. 


whic 
lowing the 
seen that during these 


paper ( 
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DISCUSSION 

s of interanimal avoidance con- 


fected significantly in the 
animals outside of 


The effect 
ditioning were T€ 
dominance behaviors of the 
the conditioning apparatus. The dominance 


status of the stimulus animal rose significantly 
from his previous position in the group as other 
animals were conditioned to avoid him. More- 
over, the dominance relationships of another 
pair of competitive monkeys were found to be 
altered by the conditioning procedures. 

The change in dominance behaviors was not 
ricted to the specific pair participating in 
interanimal avoidance but wa apparently re- 
flected in the relationship of these animals 

als in the group. For example, 


with other anima 
following the third con- 


on the dominance test 
period, no. 53 was found to have 


ditioning i 
increased in dominance status from his former 
a rank of fourth in the group 


of eighth to 
n animals (see Table 2 and Figure 1). 
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Thus, his position had increased four ranks, 
although only two animals had been condi- 
tioned to avoid him. This behavioral change 
observed in the stimulus animal toward mon- 
keys which had not yet been conditioned to 
avoid him was striking. The experience of 
social interaction with animals which had been 
conditioned to avoid him apparently in some 
way altered his behavior toward the other sub- 
jects. Sears has described interactive changes 
such as this as attributable to a diadic rela- 
tionship and stresses their importance in the 
analvsis of social relationships (13). 

It was noted in the previous report that 
monkey no. 59 was considered to be atypical 
vith respect to this dominance test (8). This 
point can be clarified by reference to Figure 1. 
This animal consistently obtained a low dom- 
inance score in this situation and permitted 
very submissive animals to take the food. 
When he did dominate one or more animals, 
however, they were almost invariably the 
largest and most dominant members of the 
group. 


v 


SUMMARY 

Dominance hierarchy determinations were 
made on a group of ten rhesus monkeys on six 
separate occasions. The animal ranking eighth 
in dominance status in the group was selected 
to serve as a conditioned stimulus for pain- 
avoidance by other members of the group. 
After each conditioning of another animal to 
avoid the stimulus monkey the dominance 
hierarchy within the group was retested. It 
was found that the stimulus monkey increased 
significantly in dominance status. 
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EXPERIENTIAL AND GENETIC FACTORS IN 


THE ORGANIZATION OF 


SEXUAL BEHAVIOR IN MALE GUINEA PIGS! 
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of Kansas 


in the colony, but in their sexual behavior they are 
moderately vigorous. The second group was composed 
of 7 males from Strain 13. The males from this inbred 
strain are large, but generally sluggish behaviorally. 
The third group consisted of 7 males from a enetically 
s stock. These males are also large, and 
ally the most vigorous animals in the col- 
ony. Control males (the social males) for each of the 
three groups were raised with their siblings until day 
25 when they were weaned. From then until day 
when they were isolated, they were confined with from 
3 to 5 females of the same age 


heterogeneou: 
they are sexu: 


al performance of the 
s with es- 
e testing proce- 
enstein, Riss, 
male 
ons and 


Beginning on day 77 the 
males was determined by 
trous Í es of about the same size. Th 
dure and scoring method described by 
and Young (18) were used. The number of time 
mounted a female, the number of intron 
ejaculations, and the amount of the lower measures 
cual behavior (snifling, nuzzling, and abortive 
xual behavior score takes 


ol S 
mounts) were recorded, The 
into account the quantity and maturity of ual be- 
havior exhibited during a 10-min. test with a female in 
estrus as well as the length of the interval between the 
and ejaculation, when ejaculation 


beginning of the test 
occurs. 


Results 

The data obtained from the Strain 2 males 
Table 1) reveal a striking difference between 
and social males. The difference in 
average sexual behavior scores is highly sig- 
nificant (p < -01). Similarly, the difference in 
the higher measures of sexual behavior (mount- 
ing, intromission, ejaculation) are also sig- 
nificant ($ < 01) whether the average fre- 
quency per animal or the percentage of animals 
displaying the behavior is considered. Only 
one isolated Strain 2 male achieved intromis- 
and ejaculation, whereas 16 of 19 social 


the isolated 


sion 
males ejaculated. 

When comparing the Strain 2 males with 
io the lower measures of sexual be- 
a different picture is seen. At this level 
the isolated males surpassed the social males. 
The former were exceedingly active, display- 
ing a persistent and vigorous interest in the 
female, but despite this lively interest the 
isolated males, with one exception, did not 
( the females in such a way that intro- 
and ejaculation could be accomplished. 
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havior, 
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TABLE 1 à 
Comparison of Sexual Behavior of Male Guinca Pigs Weaned on Day 25 and Raised in Isolation with that ol 


Males Raised with Females* 


Lower Measures Mountings Intromissions Ejaculations 
Animals x Per Per Pen 
cent ge cent Average cent 
Dis er Dis per 
play- Animal Animal 
ing 
i o 
Strain 2 Isolated 17 49.0 100 1.2 33 [EI o 0,00 xi 
Social Situation 19 97.3 100 18.0 100 18.0 99 [x | ^ 
-—— piu 0 
Strain 13 Isolated 7 129.4 100 20 71 0.0 0 0.0 "a 
NES. a, Fo 37 
Social Situation 7 96.4 100 0.4 86 7.6 57 0.6 M 
A s n 
Genetically Heterogeneous Isolated j 0 00 TA To 126 2 [A 100 
Social Situation 7 30.4 100 /— 19,6 000 — 20,6 100. 6.7 
* Data obtamed from 7 tests of each male during isolation, days 77-120, 


Differences were seen in the behavior of 
isolated and social Strain 13 males. To be sure, 
the average sexual behavior score of the social 
males was not significantly different from that 
of the isolated males. On the other hand, an 
analysis of the individual measures contribut- 
ing to the sexual behavior score reveals that 
57 per cent of the social males had intromis- 
sions and ejaculations while none of the isolated 
males exhibited these higher measures of be- 
havior. The differences analyzed statist ically 
yield a x? of 3.15 (corrected for discontinuity), 
which lies between the .05 and .10 levels of 
confidence. However, inasmuch as the differ- 
ence is in the expected direction, there is justi- 
fication for using a one-tailed test, which would 
place the probability below the .05 level. In 
either case the trend is clear. The lack of a 
significant difference in average sexual be- 
havior scores is explained by the fact that the 
socially raised males did not exhibit a suf- 
ficiently large number of the higher measures 
of behavior to counteract the greater activity 
of the isolated males in the lower measures. It 
was noted further that the periods of inactivity 
following intromission were unusually long. 

A third result’ was obtained from 
heterogeneous males. The differences in aver- 
age sexual behavior scores and in the separate 
measures that contribute to the scores of the 
isolated and social males are not striking. 
Again, the differences are in favor of the social 
males, but they are not significant; they are 
due to the behavior of two isolated males which 
did not mount, achieve intromission, or ejacu- 
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m Until ris siblings until weaning 0n day 12; from 
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K ne age. As before, seven weekly tests were 
on day 77. ) 
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Intromissions Ejaculations 


: ze ci - Ren 
‘Average Percent Average Per cent ‘Scores 
wer | Display- | per, | Display- 
Amal ing Animal i 
30 6.5 30 1.5 30 4.9 
100 19.6 100 5.3 100 é. 
kS em ee 


Raised Castrate Strain 13 Male Guinea Pigs Receiving 


100 Grams Body Weight per Day* 


Intromissions 


Percent, Average 
Display- per per 
ing | Animal Animal 
67 0.7 
100 M 
120, 


isolated males (Table 3). In 
] males in this experiment 
.02) than 
] males in experiment I (Table 
average scores and 


than that of the 
addition the socia 
performed significantly better (p < 
the intact socia 
1). They achieved higher 
exhibited more of each measure of behavior. 
The behavior of the castrated isolated Strain 
13 animals (Table 3) was not significantly dif- 
ferent from that of the intact isolated males in 
Experiment I (Table 1). It is to be noted that 
the performance of the socially reared, injected 
Strain 13 males was still significantly below 
that of the untreated, socially reared Strain 2 
or heterogeneous in experiments I 


and II. 


males 


EXPERIMENT IV 
h other animals in experi- 


The contact wit 
females. This 


and III was with 
lesigned to ascertain the in- 
results 


ments I, Il, 
experiment Was c 
fluence of contact. with males. The 
would reveal whether experience gained during 

had contributed to the 


yossible copulations 
differences between the social and isolated 


males. 


Method 

Ten heterogeneous and seven Strain 2 males were 
used. AS in experiment TI. the heterogeneous. males 
were weaned on day 10. The Strain 2 males were w caned 
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TABLE 4 


> : e : a . . : H < ales* 
Sexual Behavior of Genetically Heterogeneous and Strain 2 Male Guinca Pigs Raised with Males 


Lower Measures 


x Per cent Average 
Display- ^ per 
Animal 
Strain 2 * WAS 100 18.0 
Genetically Hetero- 10 75.6 100 16.9 


geneous 


“Data obtained fram 7 


on day 25. Both groups were confined with two or three 
males of the same age until day 73. Seven weekly tests 
were begun on day 77. 


Results 


For every measure of behavior the perform- 
ance of the heterogeneous males raised with 
males (Table 4) was intermediate between that 
of the social and isolated males of this stock. 
On the other hand, the performance of the 
Strain 2 males raised with males (Table 4) 
surpassed that of the males raised with females 
(Table 1). The lower measures of behavior and 
mounting were about the same, but the aver- 
age number of intromissions and ejaculations 
and the average sexual behavior score were sig- 
nificantly higher (p < .01). In this experiment 
the sexual behavior score of the Strain 2 males 
was even higher than that of the heterogeneous 
males, although the difference was just short of 
statistical significance (/ = 2.05). 


DISCUSSION 

The data show that males which have a 
minimum of contact with other animals have 
difficulty in mating. Although each isolated 
Strain 2 male was given seven tests with 
estrous females, only 1 of 17 achieved intro- 
mission or ejaculation. In contrast 16 of the 19 
socially reared males ejaculated, and 17 of 19 
had intromissions. Among 7 isolated Strain 13 
males, none achieved intromission or ejacula- 
tion, whereas 4 of 7 in the social group dis- 
played intromission and ejaculation. A similar 
difference was seen when the isolated and 
social Strain 13 males given exogenous andro- 
gen were compared. Of the heterogeneous 
males weaned at 10 days, only 3 of the 10 
isolated animals had intromissions or ejacula- 
tions, but all the social males displayed ne 
full pattern of sexual behavior. The isolatec 
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Intromissions Ejaculations 
Per cent Average Percent Average Per cent 
Di: per Disp pe Display- 
Animal z0 Animal 
m 8.2 
100 26.6 100 4.6 86 | 61 
90 11.9 90 3.9 80 s 


tests of cach male during isolation, days 77-120. 


ch 
animals gave evidence of being as e 
aroused by the presence of the female i d 
those from the social group, and there jy 
evidence of any emotional disturbance * 4 
could have interfered with their Spent 
sexual behavior. The best explanation 2 ur of 
results appears to be that (ie sexual behar inlo 
the isolated animals had not been organs 


an effective pattern. anization 


Not all that is involved in the orgi rations 
of the pattern is clear, but certain observ ts 
are suggestive. The socially raised male p o 
itself rather specifically to the posterior S ] 
the female. If the posterior end is poet int? 
the male will attempt to force the fema © 

unting 


a more favorable position. When mo s 
female, the experienced male approac um while 
the rear, placing his chest over her s fore 
simultaneously clasping her sides wit inf grip 
paws. The female is held by this claspie 
of the male, and as his genitalia a "m 
into contact with the female, pelvic thru ^ 
made. These thrusts usually result in an jacu” 
mission and sometimes culminate in an : 
lation. . 
Isolated male guinea pigs exhib 
the components of sexual behavior, t col 
are not organized in such a way tha 
tion is possible. These males pursue frequen 
but when overtaking her, they pen 
circle around, attempting to mount "ia 
or side. The mounts are attempted by he bac 
one or both forepaws directly against i neralll 
or sides of the female whereupon she arent 
jumps away. The inability of the inexper male 
male to properly mount and clasp the .hieY* 
appears to be his greatest handicap 19 ae aale 
ing intromission and ejaculation. Once is rust 
has properly mounted a female, pelvic ul ally 
(coital reflex) are made, and these gent" 
result in insertion of the penis. 


re prous 


‘0° 


r O 
it many 


FACTORS IN SEXUAL. 


Ti " 
le ge eaten that in the guinea pig 
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in lower SEL a (6, 9, 10, 13, 14, 17) that 
ganized, On mals such patterns are innately 
Fal, which is " possible explanation is that the 
most commo . species that has been studied 
order to e does not require learning 1n 
Whereas the, ibit the complete sexual act 
tion su oe pig does. If so, the general- 
"t ee by the experience with the 
tion is ee A second possible explana- 
N the Brie. the procedure used in the work 
And isolatio hey were weaned at 21 days of age, 
7). While n was not begun until this time (6, 
ally, the į in neither case is it stated specifi- 
‘mained oe is given that the animals 
"aning Th h their siblings and mother up to 
Nine woul i p average litter size of eight or 
ntact - afford considerable opportunity for 
8 With siblings prior to isolation. That 


UCh o 
Contac 4 ; 
by contact. may be important 1S suggested 


the 
at ta that rats, despite their immaturity 
tnd clas A been observed to pursue, mount, 
after med other individuals as early as 21 days 
Mental ? (10). Perhaps, therefore, the experl- 
lease | males should have been isolated, at 
bog their siblings, atan earlier age. 

be of the three strains of guinea pigs has 
hi Seen to present a characteristic picture. 
heterogeneous animals possessing large 
ore, Ad vigor are ideally suited for a rapid 
zation of sexual behavior. The Strain 2 
Status, ne also vigorous, but their smaller 
Ig and may perhaps handicap them in mount- 
S tain sapin the female. ‘The inexperienced 
orep males in particular tend to place their 
Uher 4} back of the — 
s Res s around her sides. Stone (17) ss 
Strain i that size may be important. he 

3 males appear to be still different. It 


iS 
OSs} 
, Possible that their sluggishness retards both 


le 
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al hing and the display ot what was learned, 
aids them 1n 


] m their large size probably ` 
The Me and clasping the female proper» 
OP the T possibility may be the explanation 
shibi arge percentage of these males that 
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the puer to sea the performance of 
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only limited success. The performance of the 
socially raised castrate males receiving andro- 
ntly better than that of the 
untreated males, but it was still significantly 

her the Strain 2 or the 


below the level of eit 
heterogeneous males raised under comparable 
thyroxin was used in 


conditions. Recently (16) 
an effort to activate males of this strain. The 
rate of oxygen consumption was elevated, but 


sexual behavior was not altered appreciably. 
The results from experiment IV in which 
males of Strain 2 and the heterogeneous stock 
were provided contact with males present à 
blem. It will be recalled that while the per- 
[ the Strain 2 males raised with 
ignificantly elevated above that of 
females, the performance of 
the heterogeneous males raised with males was 


below that of those raised with females. When 
both groups are considered together, the results 
indicate that contact with males generally pro- 
vides sufficient experience for the organization 
of sexual behavior into a functional pattern. 
However, it remains to be explained why the 
heterogeneous and Strain 2 males should be 
affected differently. A possible explanation is 
that the sexual behavior of some of the 
heterogeneous males was suppressed by the 
inhibiting action of fighting among these 
heavier and more aggressive animals. At the 
same time, the Strain 2 males may have been 
aroused by the great amount of mounting that 
takes place among males caged together with- 
out suffering from the detrimental effects of 
fighting. 
The performance of the males raised with 
males brings us tO the suggestion developed by 
Beach (5, 8), that sexual behavior has a duality 
of components or “functions.” One of the com- 
ponents is that of “potency” or the "capacity 
for sexual performance.” It would appear to be 
associated with organized patterns depending 
on the activity of centers in the brain stem and 
spinal cord (5). According to one statement, 
this function includes “the promptness with 
which mating is initiated, the frequency of 
and the rapidity with which ejacu- 
lation occurs” (8, P+ 288). The other component 
is “erotic sensitivity" or the "susceptibility to 
sexual arousal." It would appear to be medi- 
al excitatory mechanism of the 


ated by a centr 


forebrain (5). 


gen was significar 
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Development of the concept appears to have 
followed observations on the copulatory be- 
havior of partially decorticate rats (3, 7, 10). 
There was a proportional decrease in the per- 
centage of tests in which copulatory behavior 
occurred, but the number of copulations during 
each positive test was not affected, even in the 
lesion-group in which the percentage of post- 
operative copulators was lowest. As Beach 
interpreted the results, there had been a de- 
crease in the ease of arousal to the point of the 
practical abolition of copulatory behavior, but 
without an effect on the actual copulatory 
pattern. 

The work with the guinea pig also provides 
evidence for the existence of dual components 
of mating behavior, the organisation of the 
sexual response, which would correspond 
roughly to the “capacity for sexual perform- 
ance" as used by Beach, and sexual excitability, 
which would correspond to "susceptibility to 
sexual arousal.” But as we have thought of 
“excitability,” the promptness with which 
mating is initiated, the vigor with which the 
mating is attempted, and the rapidity with 
which ejaculation occurs are a part of this 
function rather than of organization. The sug- 
gestion originated from the observation that 
an occasional male will achieve complete copu- 
lation in only one or two of ten tests with an 
estrous female, while giving the appearance of 
being generally indifferent in the other tests. 
The organization of the sexual response exists, 
but the level of excitability is so low that 
copulation usually does not occur. Strain 13 
males fall in this category. On the other hand, 
most males raised in isolation exhibit excita- 
bility, but no organized pattern is present and 
they do not know how to copulate. While it is 
convenient to regard sexual behavior as com- 
prising two components, it should be empha- 
sized that they do not function independently. 
The data suggest that the greater the sexual 
excitability and vigor, the more rapidly or- 
ganization of sexual behavior takes place. 
Also, it has been suggested that the ability or 
inability to copulate successfully (5, 11), affects 
the level of excitability. 


SUMMARY AND CONCLUSIONS 


Four experiments were performed in an effort 
i avi s in- 
to determine whether sexual behavior 1S 
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nately organized in the male guinea pig E 
whether contact. with other animals plays è 
role in its organization into an effective HT 

In the first two experiments pes Nw 
heterogeneous males and males from the mE 
inbred Strains 2 and 13 were raised ina gn 
(with females) or in an isolated situation. js 
int differences were found between th 
sexual behavior of social and isolated so 
males. Less marked but nevertheless signilio 
differences were obtained with Strain je 
"There were no significant. differences bet eT 
the social and isolated heterogeneous an! ing 
weaned at 25 days. However, when wen. 
was done at ten day , significant differen 
were obtained. 

An attempt was made to improve 


the per 
Stra 4 


formance of the behaviorally sluggish 5 rated 
males by administering androgen to e over 
animals. Their behavior was improves the 
that of the intact Strain 13 males, bv in 
characteristic differences between this 5 

and the other two was not overcome. raised 


In the fourth experiment males a muti 
in a caging situation which afforded um e lac 
tact only with other males except for ie pro 
tating sow. In general, male cage-mals jon 
vided sufficient experience for the organi ; 
of the sexual behavior pattern, prm " 
picture was complicated somewhat 7 q from 
of inhibition and arousal which resulte 
the caging of males together. 

The main conclusions follow: (a) : 
with other animals has an organizing pude o 
the development of the copulatory p? ontat 
the male guinea pig; (b) the influence 9 i adt 
may be exerted very early in the life of vais c 
mal; (c) genetic differences between adis i 
guinea pigs are responsible for gy 
the age at which organization of pei" 
havior may take place and for the at e d) 
sexual excitement exhibited during te 
genetic differences in level of sexual € à 
are not overcome by the admi 
large quantities of exogenous androg 
contact with males as well as with | 
generally provides sufficient experience 
organization of the copulatory pattern. 
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EFFECTS OF HYPOPHYSECTOMY ON BEHAVIOR IN RATS: II. MAZE AND 
DISCRIMINATION LEARNING! 


C. P. STONE axp M. D. OBIAS 


Stanford University 


In our initial study (9) of rais that were 
hypophysectomized when 40 days of age, and 
trained on relatively simple mazes, the learning 
Tate was found to equal or be only slightly 
inferior to that of like-age controls. We shall 
re-examine this tentative generalization, in the 
present study, by use of a complex, 24-unit 
water maze and a 5-unit visual discrimination 
apparatus. 


METHOD 
Animals 


Males from the Sprague-Dawley strain. comprised 
the groups. Hypophysectomy? was performed at the 
ages of 15, 30, and 35 days. The 15-day group was per- 
mitted to remain with their mothers until about 45 
days old. They derived some nutritive benefits from 
nursing beyond the weaning age and also profited from 
maternal brooding. One control group was used with 
the 15- and the 30-day and another with the 35-day 
hypophysectomites; this provided for similarity of 
preliminary experience and simultancity of training 
of each of the H and C groups. 

All rats ate ad libitum from a supply of foodstutís 
isting of the following: ground horse meat, Steen- 
bock mixture (finely ground wheat, oats, and yellow 
corn; powdered whole milk and casein; CaCO, and 
Cl, Purina Dog Chow, fresh orange, carrot, and 
lettuce. A cake of Morton’s salt hung in the cage. Food 
was never withheld from any group prior to the time it 
had finished the allotted trials on the water maze. 
Thereafter, food was withheld from the 35-day group 
and their controls for a period of about 12 hr. daily, 
just prior to their discrimination trials. On the latter 
problem, food was the principal incentive-reward; on 
the former, it was escape from water. 

A marked degree of retardation in physical develop- 
ment of all hypophysectomites became apparent within 
a few days after their operations. Figure 1 illustrates 
the body size and conformation of a normal male and 
two operates (one from the 30- and one from the 15-day 
group) when all three were approximately 100 days 
old. As is apparent, the operates are well proportioned. 
Table 1 gives the mean body weights of the hypophy- 
sectomites and their controls at the time each group 
started their first trial on the water maze. Although the 
weights of all young hypophysectomized rats increase 
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EFFECTS OF HYPOPHYS 
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will be found the chronological ages of each group at 
tart and finish of the learning te Although 
age differences between groups, it is 
would not be sufficiently large to 
normal rats in the age 
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there are small 


presumed that these 


influence the performance of 


ranges used. 

Maze. The floor plan and elevation of the water maze 
are shown in Figure 3. It is made of galvanized iron 
] set in a large copper tank. Walls are 15 in. high. 
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Fic. 3. Thirteen-choice, multiple-T swimming maze. 


As said before, no change in food schedule was intro- 
duced in connection with the maze trials because e cape 
irom water constituted the primary incentive-reward. 
Probably this was not the only source of motivation, 
however, because each day, on returning to the home 
cage, the rat found a supply of fresh food, which had 
been set into the cage while its group was absent. Most 
of them began to nibble at the food upon their return 
to the home cage. 

Light discrimination. In this five-unit apparatus (8) 
the rat had to choose the side of the dark, instead of 
the illuminated, window. Doors were closed on the side 
of the bright window to prevent exit from the dis- 
crimination chamber and also at the end of each unit 
lo prevent retracings. 

s preliminary training the rats were given two 


trials daily for 5 days in a 10-ft. straight alley, with 
food in the goal box. Before cach day's trial they had 


heen deprived of food for 12 hr. On completion of each 
w nibbles of food. Following 
cular schedule of two 


run, they were allowed a 
the ten preliminary. tri ar 
daily trials for a total of 20 days was started on the 
discrimination apparatus. About 10 min. intervened 
between the two trials, and during this time the rat 
could eat in a portable goal box. Following the second 
trial, it received in the home cage the full ration for the 
succeeding 12 hr. 

Two types of errors were recorded: (a) attempts to 
advance on the side of the lighted window, and (5) re- 
jection of the dark side after advancing far enough to 
see that the passageway was open. 


RESULTS 
Maze 
Fifteen- and 30-day operates. One trial daily 
was given the 15- and 30-day operates and their 
controls on the maze for 40 consecutive days. 


"Tus 
The means of forward-going errors are gne. 
cally represented in Figure +. Only ipie are 
that completed the entire 40-trial serie iue 
included here. As is evident, there Mas "Eu 
difference between the three groups dumme. 
first 17 trials, where error elimination Laeti 
rapid, although a slight superiority appeal 
rest with the controls, After trial 17, the E 
for the controls clearly separates an t 
graphs of the operates. As evidence n very 
early progress of the three groups We 
similar, we present in the inset of F ig gt 
cumulative percentages of rats of each ieia 
that achieved a criterion of 2 in 3 perfec a 
As is apparent, the three groups hold DE at 
very well in respect to this criterion, NU ne 
is not apparent is the more rapid impro 


od bY 
r evidence ~ 
by the controls, a fact so clearly ev pr 


st 
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the latter half of the error curves nt supe 
Figure 4. Noteworthy is the ze a ove 
nie N z i rsectomites 

riority of the 15-day hypophysectc halí of 


t atter 
the 30-day operates during the latte 


the trial series. 
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No difference between means of forward € ia 
is significant for trials 1 to 20, but on t oth 
21 10 40 the controls clearly surpass rence 
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ages of each group achieving a criterion of two perfect 


ay hypophysectomites and their 


to retracings, less consistency in trends was 
obtained; the difference between controls and 
15-day operates is significant for trials 1 to 20, 
put not for trials 21 to 40; contrariwise, the 
difference for the 30-day group is significant 
for trials 21 to 40, but not for 1 to 20. Again, 
the differences between the 15- and 30-day 
t significant. : 

A study of the raw data throws some light 
on what was happening in terms of perform- 
the H animals beyond trial 17. Some 
after coming close to mastery of the 
ain to retrace or to enter blind 
alleys, and continued to do so thereafter; also, 
some resumed an early tendency to retrace 
after making a forward-going error rather than 
io continue in the goalward direction, With 
each retracing there was an opportunity to 
make additional forward-going errors. Since 
evidence of deterioration of performance in 
normal rats when nearing mastery of a maze 
usually results from a change in motivation, 
rightfully question whether that 
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ance by 
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maze, began ag 
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factor, instead of genuine inferior ability, 
caused the relatively poorer progress of the 
hypophysectomized rats beyond trial 17. 

Thirty-fize-day operates. Preliminary training 
of the 35-day operates and their controls was 
similar to that of the preceding groups. On the 
maze, however, they were given 2 trials daily 
for the first 22 trials and 1 trial daily thereafter 
for 14 additional trials. During the 2-trial 
period, they had between 8 and 12 min. to rest 
between trials. An inspection of the perform- 
ance of the H group up to trial 22 led us to 
shift from 2 to 1 trial per day for the purpose 
of determining whether a less fatiguing daily 
schedule would accelerate improvement in the 
operates. 

Figure 5 presents the learning curves for 
forward-going errors. It is apparent that the 
35-day group, under the conditions of their 
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trial series, was inferior to the 15- and pesi 
operates (see Fig. +). Their plateau-like el ie 
occurred somewhat earlier than was the “ie 
with the 15- and 30-day groups. Moreover 
cumulative percentages of 35-day ein’ 
sectomites achieving a criterion of 2 in 3 pa 
runs was much poorer than those of the i elt 
30-day operates, as well as poorer than 
normal controls. 

In Table 4 will be found the prt 
forward-going and retracing errors 108 he 
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with the values of p for differences bemi et 
operates and their controls. Significan ^o. ai 
ences in forward-going errors for itt 
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TABLE 5 
Comparison of 35-Day Operates and Their Controls 
on Light Discrimination Habit 


Mean Errors 


Errors R p 
` z ixperi- 
| Controls mentals 
coor iz —|——— = 
Type a 52.9 48.4 | zu 
10.8 | 24 


Type b 13.3 


eat from a dish containing the regular diet. 
After the second trial it was allowed to eat 
for a period of about 10 min. before 
1 to the home cage where it 
d libitum during ihe 


again 
being returned 
could continue to eat à 


next 11 to 12 hr. 
Table 5 gives the means for the a and 5 


types of errors. The small differences favoring 
the controls are not significant. Thus the clear- 
cut inferiority shown by the 35-day operates on 
the 24-unit maze was not generalized to the 
discrimination task. Noteworthy is the simi- 
larity of this finding and that reported by 
Stone and King (9) for the elevated maze, 
where vision plays a large role in performance. 
Operates that had been somewhat inferior on 
the swimming maze were not inferior to the 
controls on the elevated maze. 
DISCUSSION 

The present study supports our previous re- 
port (9) in demonstrating some inferiority in 
maze performance of hypophysectomized rats 
on the water maze. To what should this be 
ascribed? 

Probably the small size of the operates has 
no bearing on the inferiority of their maze 
performance. Unpublished records on young 
males 30 to 40 days of age and of approxi- 
mately the same size as the operates of this 
study show that they can master the 26-unit 
maze as rapidly as the older, larger controls of 
the present study. Also, the revolving-wheel 
type of inactivity of hypophysectomites (5, 6) 
appears to have no explanatory value here, for 
our operates are not less active than the con- 
trols in their home cages, on table tops, or on 
elevated runways when given complete freedom 
for general activity and exploration. In this 
respect they appear to confirm the observa- 
tions of Applezweig and Moeller (1). Likewise, 
endocrines (gonads, 


impairment of certain 
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thyroid, and adrenals) which immediately 
follows hypophysectomy has no certain value 
lor explaining the divergencies obtained. 
Ablation of gonads, thyroid, or suprarenal 
cortex has not heretofore adversely affected 
maze learning ability of rats (1, 4), 

The similarity of performance of the 35-day 
operates and their controls on the live-unit 
light discrimination test cannot be regarded as 
certain evidence that differences on the mazes 
were not caused by impaired learning ability 
for mazes. In normal rats no correlation. be- 
tween learning scores on these two types of 
problems has vet been reported, Nevertheless, 
the similarity of operated and control groups 
in cue learning is of interest because it is in 
accord with our previously reported results 
for the elevated maze where v sion unquestion- 
ably plays a greater role in choice of pathway 
than is the case with the high-walled, swim- 
ming mazes. 

By manipulation of specific experimental 
variables, either mild or severe deterioration in 
learning scores of rats may be caused at any 
stage of the trial series. As a rule these « hanges 
can be understood if one assumes that the 
changes imposed alter the rat's main objectives 
and, consequently, its direction. of effort: 
changes that lead to the renewal or stereotypy 
of errors, as defined by Æ. In this study no 
alteration of procedure was introduced for the 
15- and 30-day operates and only a shift from 
two to one trial per day for the 35-day group 
was made. The latter should have effected a 
slight improvement in performance, since one 
trial daily is usually more efficient than two or 
more trials. For these groups the change was 
introduced at trial 22, which is well beyond the 
time a divergence between the hypophy- 
sectomites and controls first appeared. Hence, 
if a change in motivation did occur in the 
operated animals, and if it is responsible for a 
level of performance that falls short of their 
true learning ability, it must be ascribable to 
some still undetected factor. Fatigue or dis- 
comfort have been mentioned earlier, but it 
must be admitted that no evidence was ob- 
tained to prove that they had a differential 
effect on performance between groups; and 
espec ially difficult would be their use as à 
planatory concepts unless one could show w a 
they became effective just when they did, 


especially in the two younger groups of oper 
ates when they were near mastery of the maz 
(trial 17), ie, at a time when effort shoul 
have been decreasing because of progressi 
shortening of the pathy . 
There may be a general impairm $ 
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accord. with the finding of a slightly tol 
mean level of “test intelligence” in iie 
and adolescents known to have hypophys 
insufficiency (2, 3). However, the good Dot 
formance of our 15- and 30-day operates for r 
first 17 trials, when most of them were T id 
mastery of the maze, some doubt md 
whether their failure to keep pace e a 
controls. thereafter indicates that JUI un 
near the ceiling of their true learning 2 ds in 
rather than that some self-instigated d 
objectives led to new patterns of errors 


: a 
" «oec Sens The fact the 
stereotypy of unfruitful choices. The f 35-day 


ent ol 


t 


1 5- and 
the best performers of the 15- am re very 
operates and their control groups e change 
similar justifies further study of the he 


ing l 
in motivation hypothesis" for explains 
obtained differences. 

Hypophysectomy of suck : 
when cells of the cortex are still = 
division, did not cause a significant 2 
from hypophysectomy of 30-day an 3n has 
which cell division of the cerebral died that 
already ceased. Whether one can pue eit 
mitosis of cerebral cells proceeds indepen" io! 
of anterior lobe hormone is a relevant T in- 
but it cannot be answered without jp 
vestigations that will entail still earlier it i$ | 
ations than those herein. used. Sn and 
pertinent to inquire whether maturati ndent 
maintenance of cerebral cells are indlep us 
of anterior lobe hormone. It seems "datio? 
from this and our earlier study that d e 
and degeneration of the cerebral egutes mpared 
infinitesimal in amount, if any, as o dicii 
with that which occurs in the repro unde! 
system and in other endocrine glands jp the 
trophic influence of the anterior lobe ‘ 

s. 


days) 
rgoing 
rene 


ng rats (15 


hypophy 


CONCLUSIONS 
«po 
" s hy 
1. The learning records of male rats » 35 
physectomized at the ages of 15, 30, ann 
days, were significantly inferior to correst e 


ing records of like-age controls during 


EFFECTS OF HYPOPHYSECTOMY ON RATS 


"oed. UWo-thinds of their trial series on 
2. No see diac z 

those hy ate mein Ne qe obtained between 

when d i E tomized at 15 days of age, 

W-day mn ell are still dividing, and the 

in the cereis is Dish was operated after mitosis 
8. No ie ais had ceased. ] 

tween the mo d difference. was found be 

Controls indes ay hypophysectomites and their 

tion Doble earning a five-unit light discrimina- 
p em. 

mid principal unresolved question. i 

in ability y pophysectomy causes a real deficit 

fiama or merely impairs maze performance 

undiscovered kind of 


ugh s 

Perd Some as yet 

i bly the deficit 
, by differ- 


is 


y i ip . 
is fibi: tional disturbance. Proba 
Caused by the size different 


ence į 
imp Jn exploratory activity, Or indirectly by 
airme ne Be : 

"urment of other endocrine glands over 


Whice is e 
ch trophic in- 


the hy ; rae 
Wpophysis exercises 
ence, ypophy 


G. Hormonal in 
adrenal system, 
New London, 
Office of Naval. Re- 
990101). 


Ds 


Searc E 
irch, Contracts 


‘hol. Sci. Div. 
Nonr 559(01) and 


Ht 


(From Psychological Lab. of Connecticut. Col- 


) 


LroxA M. Growth and treatment of 
and giants. J. clim. Endocrin., 1944, 4, 


ca M. & Gray, H. Pituitary dwarts: 


3. BAYER, L 
TM 


their growth and treatment. Calif. & Wes 

Med.. 1937, 47, 228-232. 

4. Burnin, R. Wa, & LEONARD. S. L. Hypophy- 
sectomy and thyroidectomy as related to learn- 
ing in the rat. I. Preliminary investigation. J. 
comp. Psychol., 1941, 31, 233-242. 

Ricuter. C. P. Hypophyseal control of behavior. 
Cold Spring Harbor Sym pos. Quant. Biol., 1937, 
5, 258-268. 

6. RICHTER, C. I 

phy injection anc 
of hypophysectomizec 
21, 481-488. 
. Simpson, M. 
Some endocrine inf 
ifferentiation. 


E 


& Eckknr, J. F. The effect of hypo- 
| implants on the activity 
| rats. Endocrinology, 1937, 


tin, C. W., & Ev 
luences on skeletal growth 
Yule J. Biol, & Med., 1950, 


ÉL 


. P. multiple discrimination box and 

in studying the learning ability of rats. 

ores. Ped. Sem. & J. genet, 

557-573. 

9, Sroxe, C. P. & KIN F. A. Effects of hypophy- 
sectomy on behavior in rats: I. Preliminary 
survey. J. comp. physiol. Psychol., 1954, 47, 
213-219. 

10. WILKINS. 
gence. J. gen. 

23, 1954. 


its use 
I. Reliability of 
Psychol., 1928, 35, 


W. L. Pituitary dwarfism and intelli- 
Psychol., 1938, 18, 305-317. 


Received August 


SUBCORTICAL MECHANISMS IN EMOTIONAL BEHAVIOR: ‘THE DURATION OF 


AFFECTIVE 


CHANGES FOLLOWING SEPTAL AND HABENULAR 


LESIONS IN THE ALBINO RAT 
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Army Medical Service GraduatesSchool 


An earlier report (1) presented evidence to 
indicate that, in rats, surgical lesions of the 
septal forebrain region can have the immediate 
effect of increasing emotional reactivity and 
startle response magnitude 
the strength of a previously conditioned emo- 
tional response (CER) of the "fesr" or 
"anxiety" type. In this earlier investigation, 
all postoperative tests for retention of the 
CER and magnitude of the startle response 
were conducted within a few days after surgery, 
and only the ratings for emotional reactivity 
were continued for any appreciable period 
after placement of the lesions. The gradual 
diminution in emotional reactivity throughout 
the 12-day postoperative rating period in these 
earlier experiments suggests that the be- 
havioral changes following such lesions may 
be of limited duration. Whether time alone, 
the daily handling for rating purposes, or some 
combination of the two, was the critical limit- 
ing factor, could not be determined from this 
initial experiment. 

The present study was designed to investi- 
gate further the specific character of such af- 
fective changes following septal ablation and 
the critical factors limiting their duration. In 
addition, an attempt was made to explore 
further the role of other subcortical structures 
in the elaboration of emotional behavior by 
preparing and studying the effects of lesions of 
the habenular complex of the thalamus. Recent 
anatomical evidence (7) has clearly shown that 
the habenular nucleus figures prominently 
among the diencephalic structures which re- 
ceive direct projections from the septal region 
and suggests the importance of exploring pos- 
sible affective behavioral changes following 
lesions of this nuclear complex. 
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METHOD 


General Procedure 
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lays of age í the start of the experiments 
M ane were divided into four groups. In Group I (12 
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In Group HL (4 animals) habenular lesions inter 
duced following acquisition of the CER. Go doll 
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In addition, ratings of emotional reactivity an made 
urements of startle response magnitude were y 
for all animals on several occasions before Mp 
and at varying intervals up to 60 days postopen ny t 
Tests for retention and experimental extinction Plive 
ER were also conducted at the same pr. th 
intervals. Upon completion of the experiment” ned, 
animals were sacrificed, their brains fixed, en cation 
and stained in order to verify histologically the le 
and extent of the lesions. 
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The conditioned emotional response TR a 
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ful n a mildly painful electric shock. In uer 
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Fig. 2. Low power photomicrographs of sections taken through the brains of two experimental animals wing 
n in rat G 40 of Group LI, sh? 


habenular lesions. 4. Photograph taken through the greatest extent of the lesi 

complete bilateral destruction of the habenular complex. B. Photograph taken through the greatest extent of ne 
lesion in rat G 39 of Group HT, showing only minimal to the medial part of habenular nucleus on d 
right side. The lateral, medial, dorsal, and ventral extent of the habenular complex is indicated by broken Hn? 
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prun on five occasions postoperatively (t, 15, 


(S. and 60 days after operation). 


0 ix . 
Peralive and Histological Procedure 


" 
septal forcing animals in Group I with lesions in the 
tical to that eL the operative procedure was iden- 
"port. (1) CR in some detail in the previous 
Tontal Satih gure 1 shows a mid-sagittal and two 
ol the 12 Sis Teeonstrüetirg the septal lesions in each 
Similar both imals from this group. These lesions are 
or the ahoi RR and location to those reported 
Periment a). ed septal animals in the previous ex- 


I The habenular lesions in the ten animals of Groups 
“Orsley-Clark P € electrolytically by the 
Similar in inet technique with ü stercotaxic instrument 
$9). Placa esign to that described by Stellar and Krause 
* aid of ieee m the lesions wits accomplished with 
"al and in E s coordinates for the brain of the sump 
Procedures z ! other respects the anesthetic and surgica 
Previous = SES identical to. those described for the 
however experiment (1). As might well be expected, 
Ih ditior. the extent of the lesions d considerably 
Ing NS animals, with the rats in Group H show 
the fae á extensive destruction of the habenula and 
Yolia aT Group II showing only minimal ii- 
Motogr it of this nuclear complex. Figure 2 ahiops 
reat, sections through the 
animals typical of 

damage to the 


II were produced 


pectively. 
2) ition of the. 
225 operated a avimals. Again, 
Ing, cutting, staining and reconstruc 
5 were identical to those reported in some 


Previous paper (1). 


e lesions W: )btained 
the details of the 
tion pro- 
detail 


le 


(ig RESULTS 
ter, : 
eral Observations 


1 dE a 
n general, the 12 animals ol Group I with 


Se 

Me : ) iu 

Pie lesions showed the same immediate 
55 and dramatic changes in emotional be- 


hayi 
Wu found in the experimental pidan, ee 
0| D. amans experiment (1). a Ar 
*xplosi WE recovery from the i ain A 
ieee e wildness and fierceness deve a «da 
Dossi} meni which made them virtual im- 
and ips handle without special precautions 
acti Which appeared to leave them hyper-re- 
ac ve to all sensory stimulation, particularly 
n A cinematographic record prepared in 
junction with the initial experiments illus- 
on quite clearly the character of these 
Anges following septal lesions in the rat (2)- 
No such gross changes in behavior appeared, 
y of the animals of Groups IH or 


lowever, in an. 
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IH with habenular lesions or in the unoperated 
control animals of Group IV. The postopera- 
tive behavior of these animals as observed 
under conditions of normal laboratory main- 
tenance and care, transfer to and from the 
home cage and experimental apparatus, and 
the like, could not be distinguished from their 
preoperative performance, at least by such 


gross observational techniques. 


Changes in the Conditioned Emotional Response 

By the eighth conditioning trial all animals 
had acquired the conditioned emotional re- 
sponse. All 26 animals stopped pressing the 
lever during the clicker presentation, and 23 
of the 26 animals defecated during the trial. 
ant differences in rate of acquisition 
however, between the 6 animals of 
ed (habenular lesions) prior to 
1 the remaining 20 animals of 


No signific 
appeared, 
Group Il operat 
conditioning, and 
Groups I, TH, and IV. 

Complete retention of the conditioned emo- 
tional response was evident in all animals of 
Group II, Group III, and Group IV. All 14 
animals stopped pressing the lever during the 
clicker presentation and defecated during the 
trial. In contrast, however, some reduction in 
the strength of the conditioned emotional re- 
sponse appeared in Group I on this first post- 
operative retention test. Of the 12 animals in 
this group, 6 (Fig. 1, rats 28, 54, 56, 65, 95, 
105) showed at least partial attenuation of the 
CER (i.e. all 6 animals emitted some lever re- 
sponses during the clicker presentation, and 
v one defecated). The remaining 6 animals 
` i rats 17, 37, 58, 59, 76, 93) retained a 
(i e., all 6 animals stopped pressing 
g the clicker presentation, and 


onl 
(Fig. 1, 
strong CER 
the lever durin 


4 rats defecated). 
Sixty days later, without intervening lever- 


pressing trials or clicker presentations, all 26 
animals were again tested for retention of the 
CER, and a strong emotional response was 
evident in all rats, including the 6 animals of 
Group | which had shown immediate post- 
operative attenuation of the response. Further- 
more, during the course of experimental extinc- 
tion of the CER by nonreinforcement (presen- 
tation of the clicker alone without shock) 
during 11 successive daily trials following this 
second retention test, no differences between 
the animals in Group I were apparent. 

Although the animals with habenular lesions 
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ACQUISITION AND EXTINCTION OF THE CONDITIONED EMOTIONAL 
RESPONSE IN ALL GROUPS OF EXPERIMENTAL AND CONTROL ANIMALS 


— —— GROUP I (I2 Septal Rats) | 


— —-—'GROUPII (6 Habenular Rats Operated Before Conditioning) 
GROUPII (4 Habenular Rats Operated After Conditioning) 
—"™ GROUPIY (4 Unoperated Control Rats) 
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EXTINCTION TRIALS 


PERIOD — 
fon Ct H H n : H V nta 
Fic. 3. Acquisition and extinction of the conditioned emotional response in all groups of experimer 


trol animals, 3a 
5 
and B1 


lever responses made during the meet 3-min: 
; a second, + 
the number made during the secon, ` 


and con 


(Groups II and III) showed no apparent 


diminution in strength of the CER on either ^ < cessation ° 
the first or second retention test, experimental segment of the curve.) ( omplete p secon 
extinction of the response was consistently lever-pressing during the clicker X ratio 9l 
more rapid in all 6 animals of Group II 3-min. of the curve) a air appe?” 
(operated prior to conditioning) than in either — — 1.00, essentially tnehanges j^ Top per cen 
the 4 nonoperated controls (Group IV), the as a ratio of around 0,00; an = of 00. 
12 septal animals (Group I), or even the 4 increase in output appears asa piii ap 
habenula animals operated following emo- As has been indicated, no or CER, he 
tional conditioning (Group III). Figure 3 peared in rate of acquisition B he fiit an 
shows the average “inflection ratio" for each sharp drop toward Bi- - urere ihe de 
of the groups throughout the course of acquisi- eighth conditioning trials re "is NT group? 
tion and extinction of the CER. The “inflection velopment of a strong respons [be 


'The sharp rise in the curve for res ow 
tween the first and third extinction e 5 AER 
ever, reflects the rapid weakening of t ie 
following nonreinforcement. In contras he 
curves for the other three groups PIX M" 
retention of a strong CER well beyont 


ratio” indicates how much and in which direc- 
tion the clicker, during the second 3-min. of the 
trial, changes the output of lever responses 
(see reference 5 for a more complete discussion 
of the ratio). It expresses the difference in out- 


put between the first and second 3-min. seg- 
ments of the curve as a fraction of the output 
during the first 3-min. segment. (The inflection 
ratio = (B — .1) .1, where .1 is the number of 


fifth or sixth nonreinforced extinction triat 
the third extinction trial, all 6 anima 

Group IT continued lever-pressing through 
; 


SUBCORTICAL MECHANISMS IN EMOTIONAL 


PRE- AND POST-OPERATIVE RATINGS 


IN ALL GROUPS OF EXPER 


BEHAVIOR 


FOR EMOTIONAL REACTIVITY 


IMENTAL AND CONTROL ANIMALS 


T — | 
|o -—GROUPI (12 Septal Rats) 
i —— GROUP I (6 Habenular Rats) 
1 GROUPII (4 Habenular Rats) 
20} ! ... GROUP IX. (4 Unoperated Control Rats) 
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PRE-OPERATIVE POST-OPERATIVE 
Fio, 4 RATING DAYS - RATING DAYS i 
CE Pre- and postoperative ratings for emotional reactivity In all groups of experimental and control animals. 
Sas 
mi " . 5 "» 
ie ^ Clicker presentation and did not defe- Changes tU" Emotional Reactivity and Startle 
hly n ; itinat, of the remaining 20 animals, Response 
3o T ai : - 
lever ish septal rats in Group I made any The results of the pre- and postoperative 
Iia] "m wr during this third extinction kaiings for emotional reactivity in all four 
d 16 of the 20 animals defecated in groups of animals are shown in Figure 4. It is 


"&Shon 
4 = to the clicker. This di 
Spore of defecation and incide i 
tineti Ses during the clicker on the third ex- 
tT, be trial between the 6 animals of Group 
other his one hand, and all 20 animals in the 
hi ca hree groups, on the other, is highly sig- 
the ant CO1 level of confidence). Furthermore, 
tatios derifine between the mean inflection 
the ot or Group I, on the one hand, and for 
thro Yer three groups combined, on the other, 
Ck Ughout the course of extinction of the 
is as indicated in Figure 3, is highly sig- 
Wa int C01 level of confidence) by the Kruskal- 
Ween rank-order test for the difference be: 
et cs ae means (6). The extensive 
ln the i; involvement of the habenular nuclei 
iios animals of Group. IT (A, Fig. 2) produced 
tg emotional conditioning appears to have 
trkedly attenuated resistance to extinction 
the conditioned emotional responses. 


fference in fre- 
nce of lever 


arent that no significant preoperative dif- 
d between the four groups. As 
periment, however, there 
ared a marked postoperative increase in 
the emotional reactivity of the experimental 
septal animals (Group T) as compared with 
both their own preoperative level and the level 
of the other three groups. The animals with 
habenular lesions (Groups II and IID showed 
o such change in emotional reactivity. The 
difference. between each of the three pre- 
operative ratings and each of the first. three 
stoperative ratings for the animals of Group 
highly significant (.01 level of confidence). 
ermore, the difference between Group I 
nd, and Groups II, III, and IV 
c other, for each of the first three post- 
<e ratings is also significant beyond the 
1 of confidence. The figure also shows 
al animals of Group T maintained 


app: 
ferences existe 
in the previous eX 


appe 


n 


po: 
Tis 
Furthe 
on the one ha 
on th 
operativ 
01 leve 
that the sept 


Jos 


this increased emotional reactivity virtually 
without abatement for a period of 30 days or 
more, with a rather abrupt decline in the 
magnitude of the ratings occurring. between 
the thirtieth and forty-fifth postoperative day. 
This finding is in rather sharp contrast with 
the gradual decline in emotional reactivity 
during the 12-day postoperative rating period 
reported in the previous experiment (1). 

The means of the startle responses in milli- 
meters elicited on five trials conducted for 
each of the animals on each of the three pre- 
operative and five postoperative test days 
were recorded for all four groups. Although 
there was no significant difference between the 
four groups on the preoperative tests, the septal 
animals of Group I again showed a marked 
postoperative increase in the magnitude of the 
startle response. None of the other three groups 
showed any such gross postoperative change 
in the amplitude of the startle response. The 
difference between the mean values for all 
three preoperative tests and the first post- 
operative test for the septal animals of Group 
I was highly significant (01 level of con- 
fidence), as was the difference between the 
mean values on the first postoperative test 
for Septal Group I, on the one hand, and 
Groups II, HII, and IV, on the other (.01 level 
of confidence). As in the case of the rated in- 
creases in emotional reactivity, however, a 
consistent and somewhat more rapid decline 
in the magnitude of the startle response was 
apparent in the septal animals of Group I on 
the four subsequent postoperative tests. 


DISCUSSION 


It is first of all clearly apparent that the 
results of these experiments tend to confirm, 
for the most part, the previously reported (1) 
changes in affective behavior following septal 
forebrain lesions in the albino rat. In addition, 
however, the present findings indicate that the 
immediate postoperative increases in emo- 
tional reactivity following septal lesions can 
decline markedly as a. function of time alone. 
Within 60 days after operation, virtually all 
signs of such increased emotional reactivity 
had disappeared in the 12 septal animals of 
Group I (Fig. 4), even though they had been 
ected only to minimal handling during the 


subj 
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intervening period. Apparently, the rapid ji 
cline in emotional reactivity found i ie 
earlier experiments (1) was a function soe’ 
the daily handling for rating purposes than th 


; s inter- 
elapsed time of 12 days, although some N 


action effects were undoubtedly operativ ^ also 
The results of the present experiment * 
ortica 


clarify somewhat the effect of such subc onse 
lesions upon the conditioned "fear" eb 
as reported previously (1). First, the ^ ap 
upon the conditioned emotional respons ss 
pear to vary quite independently of Oe Ek 
changes in emotional reactivity which sept? 
septal lesions. Although virtuall ill the 

animals in Group I showed significar 


nt post 


s ated e iona! 77. 
^s in rated emot | any 


operative increas 


ivi " rais owed 
activity, only 6 of these 12 rats = ord 
2 A 5 s 3 
quantifiable change in the streng ^. the 


and, as ™ 3 
s were al 


conditioned emotional response, 
previous experiment, such change 


are E: " ite direction (i6 s 
parently in the opposite di CER) to h 


creases in the strength of the C thermore 
changes in emotional reactivity. Fur he 


inspection of the extent and location M hat 
lesions in the animals of Group I pe. ay pe 
postoperative attenuation of the CEI tion ol 
related to the more extensive 1n 


pou the 
$ aps also 
the fornix system and perhaps à 


j è rost rally * 
slight involvement of the most rostra? |. f 


T. 
ated thalamic nuclei in these 6 anim el 
compared with the 6 animals yu 3 
complete retention of the CER dd 
such relationships were discernible wit! jn ate 
to the magnitude of the changes either pli 
emotional reactivity or startle res} 
tude in the present group of septal a 

The failure of any of the anim ate! 
habenular lesions to show increases - nd 
emotional reactivity or startle respons v ge 
tude makes it quite clear that the E eset y D 
following septal lesions are not pes a 
solely related to interruption of E ^ et 
outflow to the habenular complex. DS the 
projection system from the septal regio! w uld: 
habenular nuclei via the stria medulari$ * om^ 
however, seem to implicate this mue 
plex as an integral part of the fornix $Y$ “ta 
its thus far ill-defined role as an imP? ai 
component of the neural substrate of affer’ ie 
behavior (3, 8). Indeed, the significantly 1 1 
rapid extinction of the CER in Group 


respe"! 
ated 


yonse al 
animals , 
ant with 


SUBCORTICAL MECHANISMS 


(haben i 
would p enin placed prior to conditioning) 
telationship be suggest a possible functional 
ornix syster »etween those elements of the 
Which Eo oN apt in the septal lesions 
of the CER m attenuation of the strength 
complex. [t she "pe D and the habenular 
at such WE REGE noted, in this connection, 
Parent in Du. in the CER. were not ap- 
sions place sr of Group III (habenular 
tensive i " ollowing conditioning) with less 
Plex [Fig jp em of the habenular com- 
Anatomic E 


and IIT ani lly, the failure of the Group I 
animals to show the gross changes in 


Moti, 
Otiong 
B nl reset 3 > 
al reactivity found in the Group 
t co-de- 


Animale in: 

dr e that more importan 

ably to b of such reactive behavior are prob- 
Projections sought among the nonhabenular 
Mypothalan of the septal region (i.e; lateral 
fr Th ed midbrain reticular formation 
hippocas COLD; the interruption of numerous 
J Mpal efferents among the fornix fibers 


Ivo 

jlved ; 

Suggest lin the Group I lesions would seem to 
a further evaluation of the extent to 


Whi 

ich ; 
k ! Involveme n TN 
nt ent of Ammons horn 


ate 

tangos S may be factorial in al 
Uther "iri m following septal lesions. ; 
an m sie of these possibilities in 
"dual e to elucidate the significance of indi- 
9 omponents of the "rhinencephalon 
of affective behavior i$ 
Il be reported ina 


and the 
affective 


the j 

reser integration 

ater y in progress and wi 
paper. 


SUMMARY 

a series of €x- 
the duration 

; ales character of behavioral changes 
2 p f, B H H 
ino rats following lesions In the septal 


Orebra: 

ora A 

hal; tin region and habenul 
"amus, 


de 


ing Enys male albino rats were divided 
ius ae groups. Group I (12 animals) $e 
anq rq Groups II (6 animals) 
üt (4 animals) received habenular lesions 
i in the experiments, and 
as unoperated 
ly, data 


rape stages 
co (4 animals) served 
aig ae Both pre- and postoperative 
o collected on all animals with respect to 

sition, retention, and extinction 


of the acqui 
ned emotional response (CER) 


a conditio 
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of the "fear" or “anxiety” type, (b) the mag- 
nitude of the startle response, and (c) general 


emotional reactivity as reflected in a seven- 


item rating scale. 
Upon completion of the behavioral observa- 


tions, the animals were sacrificed and the 


lesions reconstructed histologically. 

1. The results confirmed the previously re- 
tive increase in both emo- 
and startle response magni- 
tude for the septal animals of Group I. No 
effects were discernible in either the 
habenula animals (Groups II and HI) or the 
unoperated control animals (Group IV). It is 
clear from the present findings, however, that 
such changes are of but limited duration, all 
animals returning to normal within 60 days 
after operation with only minimal intervening 
handling. 

2. Six of the 12 septal animals in Group I 
showed at least partial attenuation in the 
strength of the CER on the first retention 
test within a few days after operation. Again, 
however, the reversible character of this re- 
duction in the strength of the CER became 
evident during the second retention test some 
60 days following operation, when all animals 
strong emotional response. The 
reduction in the strength of the 
be related to the extent of 
he fornix system and anterior 
the septal animals of 


ported postopera 
tional reactivity 


such 


showed à 
temporary 
CER appears to 
involvement of t 
thalamic nuclei in 


Group I. 

d. Although the habenular lesions produced 
no effect upon the acquisition or retention of 
the CER, extinction of the emotional response 
:enificantly more rapid in the six habenula 
;roup H (operated prior to con- 
ditioning) compared with all other 
animals. This effect would seem to be related 
to the extent of the damage t0 the habenular 


complex. 

4. The relatic 
mica 
been discussed. 


»nship of these findings to recent 
investigations of the fornix 


neuroanator 
stem has 
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It has 
tine ee reported that. fusion of inter- 
lowing lesi occurs at lower rates in man 
éccipit 3 located in the frontal, parietal, 
injury. avd obes, and after diffuse brain 
t magnit "s agreement does not exist as to 
le critical fie and reliability of such shifts in 
t woul i icker frequency. 
Senera] fe be advantageous both for the 
Crtica] 5 ote expanding our knowledge of 
koal of Umi iu. z; and for the more immediate 
‘tors or s: iding quantitative behavioral indi- 
mine Pie damage if it were possible to 
Phenomer Ne effect of cortical lesions on fusion 
lity: do ha in other modalities. This possi- 
4 com ee in audition since white ei 
udipie i acoustic stimulus containing all 
May be Fequencies at equal energy, levels) 
Sensation Ply interrupted to give "ise toa 
Sensati of flutter below a critical rate and to 
(3), P ion of continuous noise above the rate 
Nitto in the direction of improved 
t0 the ental and psychophysical approaches 
Problem has made it possible to obtain 


audi i 
hj T flutter-fusion (AFF) thresholds 1n 
Crp Subjects which may be compared with 

quals. 


Vë — LETS 
alues in the same indivic 


METHOD 


D 
boi: 
‘Per Mental Design 


. The 
Tree, raters to which the pre 
the augit tne effect of a unilaferz 
Menta Mory flutter-fusion threshold. a 
Dre. an, design probably would include a combini 
for h ij postoperative groups, one group which is tested 
fattore) aral time after operation (to control learning 
x esi, ; and appropriate controls (CD. We have chosen 
, LER. which utilizes a comparison of matched oper 
at the presence 


ay 
ed a 
ün [ m 
of, Ad normal samples in the belief th 
cerebral pathol- 
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unk g c 
ogy Unknown degree of preoperative a 

interpretation of 
tive testing 


s been 


sent study h 
il cortical lesion on 


An ideal experi- 
nation of 


* places a pu 
late von a severe restriction on the 
aes from pre- and postopera 


Seley 


Ures alone. 

a employment of this design necessitates careful 

Minin n of surgical material. Only patients with 
i gical symptoms are acceptable, for the 


al neurolc 
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rioration 
mine a 


detection of general mental and physical dete! 
t the goal being sought; the intent is to ex 
representative cross section of patients who are uncon- 
taminated by variables not related to the specific 


pathology being studied. 


is no 


Subjects 
Operated group. The 


of having a 
ively in one of t 


s chosen on 


patient group Wi 
known surgical lesion situated 
he major lobe subdivisions and 
ly free from intellectual or personality 
ration and comprehension of the 
between 12 and 55 years 


being sufficient 
deterioration for coope 
addition, age limits 


task. In 
were set. A total of 41 such cases were seen and the FF 
threshold taken as part of a battery of quantitative 


ion of this patient sample is given 
in Table 1. All but three cases were seen on an out- 
basis and are successfully rehabilitated into 
Most are regularly employed. The largest group 

21 unilateral and 2 bilateral anterior tempo- 
ons done for the relief of psychomotor 
are indebted to Dr. Percival Bailey 
of Illinois), Dr. John Green and the 
Hospital (Phoenix), and Dr. Theodore 
of Chicago) for referring these 


indicators. A descript 


patient 
society. 
ts of 
be ablati 
We 


col 
ral lo 
epilepsy (1). 
(University 
Arizona State I 
Rasmussen (University 
cases to us for study. 
Normal controls The 


control sample was constructed 
Jer to permit specification of the AFF threshold 
ation with age and IQ comparable to 
rom a series of 46 Ss presenting no 
ints or history of significant head 
injury a group of 25 was chosen to form a matched 
sample. There is no significant difference between the 
mean AFF thresholds and standard deviations of this 
subgroup and the larger normal series reported else- 


where (9). 


in ord 
in a normal popula 
the lesion group. F 
neurological compla 


Procedure 


The groups 
uals described 


developed in this labor: 
fusion thres! 


of normal and brain damaged individ- 
above were given a tape-recorded test 
atory which is designed to 
measure the Í hold for interrupted white 
This test, which requires about 15 min. playing 
utilizes the principle of paired comparisons of 
and interrupted noise. The S taking the 
] to listen for differences between the 
two bursts of noise in the pair to be compared, and to 
respond appropriately to each pair that is presented by 
writing the letter S for same or the letter D for different 
an answer sheet. We have accepted as the definition 
that point in a rising scale of repetition rate 
] in interr 
is perceptually indistinguishable from 
s noise. In the repeated paired-comparison 
the fusion threshold is inferred from the 
of “same” responses. 


noise. 
time, 
continuous 
test is instructed 


on 
of fusion 
(expressec i 
int errupted noise 
continuou 
situation 

occurrence 


uptions per second) beyond which 
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TABLE 1 
Surgical Patients 

Patient Sex Age 1Q Reason for Surgery Locus Side 
1 M 36 19 Epilepsy Ant. Temporal L d 
2 M 36 85 ^ E R m 
3 M 39 113 - R 70 
+ M 33 99 a 70 
5* M 23 100 m R 95 
6* F 12 82 ji T5 
Fad I 12 92 R 
8 M ja 88 Í; 
9* F 18 92 “ R 

10 M 54 91 s L 

11 M 39 70 i s L 

12 M 36 67 “ ‘ R 

13 M 38 84 t R 

14 M 33 112 " L 

15 M 36 100 s 3 L 

16* F 22 115 L 

p” M 79 d R 

18* M 119 s me Bilat. 

19* M 70 T x Bilat. 

20* M 99 La s L 

"d M 68 “ E ji 

22 M 105 b « R 

23 M 93 à i L 

24* M 122 Abscess Frontal R 

25 I 94 Meningioma d R 

26* M 99 C d R 

27 M 102 Meningioma i L 

28* F 35 64 Glioma tb R 

29* M 15 75 Glioma i L 

30* M 30 104 Absc T R 

31 F 46 104 R 

32* M 4l 88 i R 

33% M 35 116 2 L 

34* M 16 as L 

a5 M 31 85 Parietal R 

36" M 18 A L 

87* F 24 91 Glioma d L 

38 E 49 74 Hematomat i L 

39* M 30 79 Angioma ii L 

40 M 37 75 Epilepsy sie L 

41* F 13 137 Glioma Occipital R 


* Less than 36 years of age. 


The test consists of 60 pairs of noise bursts, the first 
always continuous and the second always interrupted, 
covering the range of repetition rates from 10 to 150 
interruptions per second (i.p.s.) in 10-i.p.s. steps. Each 
repetition rate appears four times in all. It has been 
determined that this range will include the fusion 
threshold for 99 per cent of the testable population 
under standard conditions of .90 sound-time fraction 
and 70 db .0002 dyne/em? sound pressure level. The 
sound pressure level refers to that generated by a Durst 
of continuous noise in a rigid 6 cc. coupler. The inter 


is equated for loudness to this standard. 
g of the 


rupted noise s 
Standardization of the temporal programin L 
stimuli is achieved through the use of a high quality 
ick machine, and intensity control is ob 


tape playbi 
ae alibrating the output of the playback ma- 


tained by € 


+ Considered as tumor in Table 4. 


ppr: 
chine into high fidelity carphones Denon done 
All threshold testing reported here has 
binaurally. : 
A practice column of eight pairs a 
tions are recorded on the tape, and it ha 
that all the normals and some of the pat! il 
take the test satisfactorily on the basis ot these 
tions alone. Many patients, howe 
verbal instructions, or repeated pla 
c have been 


str 
iled inst! 
ad detailed vod 


ar ys 
as been O7 an 


directly 


~ "E 
In scoring the test a key is consulted giving 


AUDITORY FLUTTER FUSION IN PATIE? 


repetit; 
the eS to every S response on 
tion rate is eed Thenomhen of failures at each repeti- 
sheet, and the ped a space provided on the answer 
allures at the ] Spital result is to observe few or no 
Which Shoat sw dci rate range of uncertainty 1n 
Suprafusional half the presentations are mis 
Convention "dus jue where most or all are n |. T 
threshold t} e been. adopted of taking as the fusion 

he mid-point of the interval of uncertainty, 


Which i ps 
J his 


Is estimate H ] 
stimated to the nearest multiple of 7 
cal notion of a thresh- 


s responded to 50 per 


Corres 
old goes with the psychophy 
cent of d ous cue which 
Per cent e In those cases where no satisfactory 
Lof the dee could be estimated (less than 5 per 
Win our fess ), the test was discarded as not meanir 
sent concept of futter tuston. 


Cen 


ng- 


" KESUI 
"ro 5 . M 
those pd the 41 cases of cortical lesion tested 

Of age less than 36 years were selected 


lo f 

orm a c 2 ms 
Mia a compa si e (the 25 cases 
bearing mparison sample (t 


aop netiks [n Table D te factor of 
Senera] de PROSEN; to minimize the ag i 
‘his sar Clerioration in our patient samp'e. 
descrip, mple i matched by the control group 
a ed previously. The mean values for age, 
Slept s AFF score for both groups are lis- 
of the din Table 2. The statistical significance 
S un E between the mean AF F scores 
Considere, than the 0001 level of confidence, 
aamen both parametrically and gon 
51 be tically. A correlation (Pearson Ul 
32 etween IQ and AFF was obtained based 
of oy T Ss, which compares with a value 
H based on 39 operated cases. 
is essential to determine whether the ob- 
scores implies à 
threshold in the operated group (as 
lon ad in poorer discrimination at all repeti- 
omple, nd or simply. a greater error score on L 
Weng 7 task. In Figure 1 the per cent = 
€ is with which interrupted noise is dis? 
a p hated from continuous noise 1S plotted as 
gg Hn of repetition rate for both I 
n imi Series of operated and control as F 
S dm 1 of D responses divided by the sum E 
Yer cu D responses for the entire group is the 
Cent scale on the ordinate. The dashed line 
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TABLE 
Operated and Normal Samples 
x — Am do AE 8D 
Oi 
porated 25 2 941,0 54.4 17.0 
25 1 94.0 80.0 17.2 
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B soaua CONTROL 
O cPERATED 


PER CENT CORNET DISCHIUINATIONS 


Joo 110 120 120 140 150 


10 20 so 40 80 60 70 60 90 


Fic. 1. Per cent frequency with which interrupted 
ed from continuous noise as a func- 
The sound-time fraction is 90 
70 db. re .0002 dyne/ 


noise is discriminat 
tion of repetition rate. 
and the sound pressure level is 


cm?. 
in Figure 1 indicates the per cent frequency 
with which identical bursts of continuous noise 


by normal 5$ when 


are judged “different” 
interspersed with 


such discriminations are 
difficult (more than 30 per cent missed) con- 
tinuous vs. interrupted discriminations, This 
mock discrimination level was determined 
independently in 109 normal Ss on an earlier 
form of the test. 


The shape of the functions plotted in Figure 


1 suggests that there is a lowered discrimina- 
tory capacity in the operated group throughout 
the range where performance is at other than a 
chance level. The excellent correspondence of 
the repetition rates at the 50 per cent point 
(true group threshold) with the means of 
individual scores argues that the method of 
ng individual thresholds is not pro- 
spurious information. 

The relationship between locus of lesion and 
degree of impairment on this indicator may be 
examined by comparison of mean scores for the 
several subgroups selected on the basis of the 
lobe in which the lesion occurs. Table 3 gives 
the mean AFF scores ior frontal, temporal, 
parietal, occipital, and all right-sided and all 

This analysis fails to reveal 


left-sided lesions. 
significant differences among the various sub- 
sig 


assignir 
ducing 


groups. , y 
Table 4 indicates that the group operated 


tumors of various kinds is significantly 
rin AFF threshold than the groups oper- 
other reasons. The / value based on 
rence between means could occur by 
bout five times in a hundred such 


for 

lowe! 
ated for 
this diffe 


chance @ 
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TABLE.3 
Performance by Locus of Lesion 
Measure Fron. Temp. Par. Occ. Rt. Side Lít. Si l 
hd 11 23 6 1 18 21 
Mean AFF 52.3 57.4 45.8 45.0 54.4 54.0 
SD 18.4 18.8 12.4 — 22.2 14.6 
TABLE 4 
Performance by Reason for Surgery 
Tumor Other 
y 26 9 6 
Mean AFF 56.9 42.8 58.3 
18.1 8.3 22.5 


SD 


samples, indicating a fair degree of certainty. 
This difference cannot be attributed to the 
gross extent of lesion as visualized at time of 
surgery. 

The fact that many of our control and 
operated Ss were given a test of visual tlicker 
fusion immediately prior to or immediately 
following the AFF test has presented an op- 
portunity for obtaining a correlation between 
the two sets of scores which minimizes the 
effects of day-to-day variability. The apparatus 
used for obtaining CFF thresholds has been 
described by Halstead (3). A Pearson corre- 
lation coefficient of 43 (.01 level = .45) was 
observed in a sample of 32 normal individuals 
between the ages of 20 and 45 years. 


DISCUSSION 

It seems reasonable to conclude from our 
results that a difference exists between the 
normal and the operated groups on a particular 
test of AFF threshold in the direction of 
poorer performance in the latter group. 

One variable in which the two samples were 
not explicitly matched and which must be 
considered in an attempt to classify the vari- 
ance is the audiometric acuity of the operated 
group. Two points argue that high- or low-tone 
hearing losses are not a sufficient explanation 
of the observed AFF threshold difference. 
First, the incidence of abnormal pitch thresh- 
olds is low in the types of surgical cases we 
have seen. Even in the temporal lobe group it 
is probably not greater than that in the normal 
. Second, it appears on the basis 


population (2) 1 ad 
information that the AFF thresh- 


of preliminary 
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old is independent of pitch thresholds as long 
as some part of the audiometric range is intact. 
Thus neither high- nor low-tone loss is suffi- 
cient to produce by itself a lowered AFF thresh- 
old, although a severe loss over the entire 
range is. 

For a further analysis of the possible C: 
for the observed difference in mean scores W° 
must turn to a hypothesis regarding the mecha- 
nism of auditory flutter fusion which has re 
ceived some experimental support. It is uu 
sumed that the cue for the perception of flutter 
is a just detectable change in loudness of the 
noise. In other words, at the point of fusion the 


auses 


off interval in the interrupted noise is just 

equal to the time required for the au itor) 

perception to decay one detectable steP Ge 

tensity jnd), and the cue for flutter is hear 

about half the time. Two physiological param" 

eters are thus implicated: the rate of Men 
a 


of the physiological correlate of loudness: * se 
the minimum unit of physiological chan’ 
which reaches the threshold of perceptio" 
Both these parameters of auditory percel ptio! 
have been measured experimentally, anc 
dictions as to the point of fusion base’ je 
values thus obtained have been in remarkab 
agreement with observed fusion points for ! 
conditions of intensity and sound-time fracti 
employed in the present test (8, 9). 

In the absence of compelling evide! 
the present time it seems reasonable tO "rmi 
the hypothesis that an increase in the min! s 
perceptible unit of change (jnd) isa “ 
factor in our results. The most attract ty 
planation of the rate of decay of an aut pa is 
perception at a given intensity is that rale 
related to the difference in conduction nd- 
between the fastest and slowest fibers respa. al 
ing in the afferent complex (7). That à por iw 
ablation would affect this difference A B 
it greater) seems unlikely from presen 


ae al 


aus! 


dence. 
The observed shift in the aver 


can be satisfactorily explained i 
assumption is made that the difference 
for intensity of noise is raised from Ac es 
normals (6) to .6 db. in the operated ca? - 
Such a change in the sensitivity of the liste 
ave the effect of reducing the ^. 
which would " 
a mea” 


[ the sing 


in 


would h 
threshold by a factor of 2/3, 


turn generale a new distribution with 
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d large as the mean of the first and a 
ard deviation of similar relative size. Our 
sample values are sufficiently close to these 
Predictions to allow us to accept provisionally 
hoe arn that the distribution of operated 
e <i ie ge from the control distribution 
"is E P of a rather small shift in the magni- 
Sitene UE jnd. From the standpoint of con- 
ier with the suggested mechanism for 
"rad € outlined above it is not necessary 
m" e a gross change in the differential 
; mon. of the organism. This may be an 
titel. of E minimal deficit resulting from 
s — cortical damage, which is exposed by 

of a quantitative threshold indicator. 


LE 


SUMMARY 


ua E oec for rapidly determining the 
expres Hed for interrupted white noise 
bh. as interruptions per second) in 
and brain-injured patients 15 described. 

^. A coefficient of correlation of -43 has been 


®btaj > 
, Uned between successive measurements of 


Isy, , f 
¿Stal flick s : 
d l flicker fusion and auditory Mutter fusion 


3 2 normal individuals. 
` A lowered auditory flutter-fusio 
bus been found in patients with uni 
pital ablations of cerebral cortical tissue. 
' The degree of impairment on this test 


n thresh- 


q 
‘ lateral 
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appears to be constant for the several loci of 
cortical lesion studied. 

5. A hypothesis is advanced that the cause 
of the lowered fusion threshold is a minimal 
loss in differential sensitivity to intensity of 
white noise. i 
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BINAURAL INTERACTION A 


MARK R. ROSE 


University of C. 


The localization of sounds in 
recently been correlated with functional prop- 
erties of the responses of the auditory cortex 
(3, 9). At the same time it should be recognized 
that auditory localization is not totally de- 
pendent upon the auditory cortex. Bard and 
Rioch (2) noted that decorticate cats could 
localize sounds in a free situation; the accuracy 
of localization was not measured. Girden (6) 
trained dogs to flex the forepaw when a sound 
came from the right side but to inhibit the 
response when a sound came from the left. 
Complete bilateral extirpation of the auditory 
cortex abolished the learned response, but the 
animals still oriented their heads to the sounds. 
Neff, Arnott, and Fisher (8) found that whereas 
normal cats were able to discriminate a differ- 
ence of 5° in the direction of sound source 
this threshold rose to 40° after bilateral extirpa- 
tion of the auditory cortex. The discrimination 
behavior was no longer stable after the oper- 
ation: it fluctuated between chance and 100 
per cent on successive days. Apparently the 
auditory cortex is important in the control of 
trained responses to the location of the stimu- 
lus, but some localization can be accomplished 
in the absence of the auditory cortex. 

A few studies have sought indications of 
binaural interaction in the electrophy iological 
of subcortical auditory centers. 
Tunturi (10) found the same binaural inter- 
ion at the medial geniculate body (the 
r of the thalamus) that he had 

However, the medial 
responsible for localiza- 


tion in the absence of the cortex, since it de- 
generates when the cortex is canine. ue 
impulses entering the medial geniculate from 
evels of the auditory tem gave some 
ce of binaural interaction. Recording at 


responses 


act 
auditory cente 
found at the 
geniculate cannot. be 


cortex. 


lower 
eviden 


the brainstem, Kemp and Robinson m in- 
terpreted their results to mean that es 


aural interaction at 


robably is no bir 
eat | report has 


lateral lemniscus. A preliminary d 
. i i interaction 
indicated. evidence of binaural interaction in 


his paper was presented 


Aver perdi ft 
1 An abbreviated version ol : redi 

5 eti f » American Psy 
at the 1954 meeting o! the 


Association, New York, N- Y. 


nological 


T THE INFERIOR COLLICULI! 


ZWEIG asp EVERETT J. WYERS 


ilifornia, Berkeley 


at the 


firmed. 
in 


the earliest. neural response recorded 
cochlea (5), but this has not been con 

We have undertaken the present study i 
order to determine whether impulses from e 
two ears interact in the midbrain audito? 
centers, the inferior colliculi. By s pinaur? 
interaction" we mean that the respon 
ears affect each other and do not simp 
together algebraically. More precisely, 
action will be said to be demonstrate 
response to stimulation of both ear 
stimuli being either simultaneous or succ! 
differs from the sum of the responses of 
rs to monaural stimulation. 


S 


nses of the 
y aC 
jnter 
jf the 
s, the 
essive 
he wwe 


METHOD 


corded # 
esp?! 


il responses were rei 


m s nse? 
The amplified 7 


Electrophysiologi 
midbrain of anesthetized cats. ae 
were photographed from a cathode-ray oscilloscor 

Stimulus equipment. (a) Pulse generator s 
Stadler). The generator produce: electrical square 
of 0.3 msec. duration. Time interval between F 
stimuli w wied from 0 to 100 msec. We wi 
the interval between paired stimuli as the 
interval.” Intensity of the pulses could be É 
1-db steps. (b) Two PDR-10 (Permotlux) a 
one for cach ear. The earphones were matches one 
sponse and for polarity. (c) Coupling from arp MT ] 
ears—flexible plastic tubes, 0.4 cm. inner [ à int? 
6 cm. long; from special housing on earphon 
ion in external auditory meatus. 

Recording equipment, (a) Gr 
wire. (5) Dual channel amplif 
Response components below 20 cps and 
were filtered out. (c) Dual channel cathode-Ta 
scope (Electronic Tube Corp.). (d) Oscilloscop' 
picture camera (Grass Kymograph Camera). 

Measurement of responses. Film is placed it 
film reader, and enlarged image is plotted on gric eth 

Physiological preparation. "Twelve adult ca » 
used. The animals were anesthetized with n 
xposed and opent ia 
s removed by 451” 


n 


arphe 


wef 


inc al 


electrodes 
(Grason-> 
above 


tadle! 
ye 
scill 
y osc 
a moti 


er 


"-— 
; mic" 


urethane. The calvarium was 
the cerebellum. The cerebellum w sferi 
tion, revealing the fourth ventricle and the n y o 
collicu he electrodes were placed approximate 4 
the center of the caudal surface of each colliculus: 
animal was usually kept alive for a full day of esI, 
mentation; the date of the experiment is given on €? 
figure. 


or 
yet 
Tun 


TS 


RES 


: MI 
Figure 1 shows oscillograms of respon? 
nferior colliculi, The respon? 


recorded at the i A 
were recorded simulta” 


i a 2 
in squares 1 and 2 
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RECORDING FROM 
LEFT 
INFERIOR COLLICULUS |RIGHT INFERIOR COLLICULUS 


2 


TO 


RIGHT EAR 


SINGLE CLICK STIMULUS 


LEFT EAR 


B 


IO msec 


A 
om a 
e? «4 6 6 


4/23/1954 


Oscillograms of. electrophysiologi 
he inferior colliculi to monaural click 
*5 are described in the text. 


" "IG; | 
umm > 
Theses of t 


Wi a 
€ respon, stimuli. 


ously , 

T left and right inferior colliculi, 
ve Y, when a click stimulus was de- 
the right ear. Responses 3 and + were 

Simultaneously when a click was de- 
(the lef ? the left ear, The arrow at the start 
rival - " each trace indicates the time of 
: downward electrical pulse at the earphone. 
qai s cs deflection indicates a surface- 
ler " pe Bst at the electrode. In square / 
tig] eii Eee response to stimulation of the 
MM Miei i of the stimulus is followed 
Vel. oo wavelets reflecting activity of 
Klitor, LN the colliculus in the afferent 
i a large stem, Phen at about 4 msec. there 
EN m Surface-positive deflection labeled .1. 
“hose. owed closely by another deflection, B, 
fie, Peak occurs a little more than 5 msec. 
thg ‘he stimulus? There is a suggestion of 
deg et peak, and then there is a negative 
the “Hon whose full duration is not shown in 
‘Sure. The negative deflection may last 


iy, 
vereq tc 


2 
this, Peec tien A presumably represents the activity of 
da = T E + n 
order neurons of the auditory em; deflection 
fourth-order neurons. 


Dreg 
“Sumably represents 
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greater for responses to weaker stimuli. In 
square 2 (right colliculus response to stimula- 
tion of the right ear) the response occurs in the 
colliculus ipsilateral to the ear stimulated. The 
response is similar to that in square 7, but 
there are characteristic differences: deflection 
1 in this ipsilateral response is clearly smaller 
than deflection B, and both deflections are 
smaller than the corresponding ones in the 
contralateral response of square 7. The re- 
sponses to stimulation of the left ear in squares 
3 and 4 show similar differences, with delec- 
tion 44 being relatively smaller in the ipsilateral 
response of square J. Here deflection B in 
square 3 is not smaller than B in the contra- 
lateral response of 4, an exception to our gen- 
eral observation. Note that the response of 
square 2 resembles that of square J, though 2 
involves the right ear and right colliculus while 
3 involves the left ear and left colliculus; both 
are ipsilateral responses. Similarly the two 
contralateral responses, / and +, are rather 
alike. (Other contralateral responses are shown 
in Figure 2, square 2, and in Figure 5, square 7; 
ipsilateral responses are in Figure 2, 
square /, Figure 3, and Figure 5, square 3, the 
last being an atypical case.) We conclude that 
the form of the collicular response and the 
relation between the responses of the two 
colliculi give information as to which of the 


other 


two ears was stimulated. 

The fact that each colliculus responds to 
stimulation of either ear does not in itself 
indicate that binaural interaction occurs at 
this level. We could explain this fact by 
hypothesizing that the two ears are repre- 
sented at the colliculus by neighboring but 
independent populations of neural units. One 
test for binaural interaction can be made by 
stimulating the ears singly and then simultane- 
If the two ears are represented by inde- 


ously. 
pendent populations, then the amplitude of 
the response to simultaneous | stimulation 


should equal the sum of the responses of the 
right and left ear to monaural stimulation. 
(This test is crucial only for relatively weak 
stimuli, since a stimulus more than about 
40 db above threshold may leak from one ear 
to the other, arriving at the far ear with enough 
Intensity to elicit a response.) Table 1 presents 
data obtained when this test was conducted on 
one animal. It is clear that the responses to 
Simultaneous stimulation (SS) tend to be 
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TABLE 1 
Amplitude ver: Stimulus Intensity in 


Decibels above Threshold; Monaural and 
Binaural Stimuli 


Respons 


Deflection B 
of Collicular 


Deflection A 
of Collicular 


x s Response 
10 20 30 30 db 10 20 30 10db 
L 8 15 27 32 T 11 21 26 
R 2 10 15 20 3 139 20 2 
L+R 10 25 42 32 10 24 4 55 
9 22 32 MH 10 19 33 36 


ear. R indicates 
s obtained by 


L indicates monaural stimulation of the lef 
monaural stimulation of the right ear. L + 
adding the L and R values. 
rs. Amplitude is 


indicates simultaneou mulation 
en in arbitrary units 


he responses were recorded at the 


ch value 


an of five respon 
right inferior colliculus. F 


periment of 5/21/1934. 


smaller than the sum (L + R) of monaural 
responses of the two ears. This difference is 
small or nonexistent at 10 db above threshold. 
In fact, for deflection B, SS is sometimes larger 
than L + R at this intensity level. But by 
30 or 40 db above threshold, SS is falling 
behind L + R by increasing amounts. The 
difference between SS and L + R tends to be 
greater for deflection B than for deflection A. 
This test was also conducted on the other 
colliculus of this animal and on both colliculi 
of three other animals, in all cases with similar 
results. The results may be interpreted as 
indicating that the two ears are represented at 
the colliculi by neural populations that overlap 
in part. 

The existence of binaural interaction can 
also be tested by the use of successive stimuli, 
as Figure 2 demonstrates. The apparatus was 
so that the right stimulus was delivered 
art of the trace, and the 
left stimulus, 0.7 msec. after the start of the 
trace. The stimuli were only 40 db above 
threshold to avoid leakage of stimuli from one 
ear to the other. The responses were recorded 
at the right colliculus. Square 1 shows ihe 
response to the right-ear stimulus; square < to 
the left stimulus. The response shown: m 3 
resulted when both stimuli were delivered with 
the 2.8-msec. interval. between them. if Te 
sponse J and response 2 occurred in pee 
populations of neural units, response EM erm 
be the sum of J and 2. To test this, y c 
response 2 from response 3. Và 


i re- 
we measured the amplitude e 
along the trace Then 


set 
3.5 msec. after the st 


tracted 
acc urately, 


S zery 0.5 msec. 
sponses every 0.3 ms 
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Vic, 2. Testing for binaural interaction with st riot 
timuli, Oscillograms recorded at the right ne the 
colliculus. /. Response to monaural stimulation E left 
right ear. 2. Response to moni | stimulation 9 leit 
ear. 3. Response to paired stimuli, the one 19 | 2 A 
the right ear bY 28" 
ses abt 


0246 810 


siv 


ear preceding the one to 
4. Graph obtained by subtracting respon: 


so" 
a A ) er CÓ 
under condition 2 from responses obtained und the 
dition 3. The graph shows that the eee ttl” 
second stimulus has been modified by binaura 
action. 
i ned 


Š fs ind tall 
we took the median of five response? ob Pob 
"m" " " ges 
under condition 2 and of five response ot 
tained under condition 3 and found the €. 


à F oin 
ence between these medians at each ne 


yielded phe 


along the trace.) Subtraction 
unimodal response shown in square and 
peak of this response is slightly lower i 


à "a squat 
later than that of deflection -1 in squa 
Deflection B has vanished. Thus the YO f 


£ ad P? 
to the second stimulus has been modifie gof 
the effect of the first stimulus further l 


of binaural interaction at the colliculus- ne 
It may be asked why the single peak with 
modified response in Figure 2 is identifiec n 


modified responses obtained at several 
intervals (time intervals between paire 
uli). Each of these modified responses sho" 
deflection which corresponds closely in late" 
with deflection A of the normal response x 
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d Cnh of responses modified by binaural 
Mpared with a graph of a normal re- 
s were recorded at the right 
ha h each tase ; evoked by equal clicks to the right 
k lo the tees bute that of the normal response, à 
Wi he interval a: preceded the k to the right car. 
m) becomes | veLWween paired clic s (the delta inter- 
mre cle aly longer, the modified responses r emble 
Ponses wer the normal response. Five to seven re- 
cre measured for each condition. 


WES 
lrac 


Modig 
h ied responses at the top of the figure 
"tle or no second peak. As the delta 
is increased, the responses show a 
election, which grows steadily to re- 
eflection B of the normal response. 
progressive changes are presented 
y in Figure 4, the data coming from 
leti. €r animal with which more of the shorter 
hi E Mtervals were employed. In graph A we 
the Plotted the amplitude of deflection 4 of 
Val Modi led responses versus the delta inter- 
inte Even at 0.4 msec., the shortest delta 
Wa Sa shown, the amplitude of deflection .1 
ine duced by only one-third. When the delta 
deg, "al was increased to 3 or + msec., this 
hej “ction was back to its normal size. The 
waht of the horizontal section of the graph 
lo taken from the amplitude of normal con- 
Str responses. In general, deflection A is not 
Y M modified in contralateral responses, of 
Ich this is an example. In ipsilateral re- 
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sponses the smaller deflection .| may be re- 
duced by binaural interaction to one-third of 
its normal amplitude. In. graph. B we have 
plotted deflection B of the modified responses. 
At the shortest delta. intervals the amplitude 
is reduced to about one-tenth of normal. There 
is a relatively large discontinuity in this case 
between 1 and 2 msec. Then the graph rises in 
roughly linear manner on this semilogarithmic 
plot. The normal level is attained only at a 
delta interval of about 20 msec. We have ob- 
tained similar data for modified responses of 
the right and left ear at both colliculi of four 
animals, and we have tested other animals at a 
few delta intervals. The form of the graph 
varies somewhat from animal to animal and 
even between the two colliculi of a single ani- 
mal. But in each case deflection .1 has recov- 
ered its amplitude completely within about 
4 msec., while B takes at least 20 msec. to 
recover, and in most cases the maximum effect 
is greater in B than in .1. 

In addition to varying the delta interval, we 
varied the intensities of the stimuli in several 
experiments. Other things being equal, the 
more intense the first stimulus, the greater the 
modification of the response to the second 
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_ Fic. 4. x amplitude versus delta interval 
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both short and long delta intervals.) Graph A: Ampli 
indes Of defibedidn. 4 or a ranis B 
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ds s. Note that -1 regains normal amplitude (the 
horizontal section of the graph) at ¢ i f 
about + msec. whereas B leis dre 

sec.. ereas regains normal z i 

e Reed mal amplitude 
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stimulus. We also presented both stimuli to the 
same ear in some experiments. Generally, the 
effects of monaural interaction were greater 
than those of binaural interaction. The results 
obtained with variation of stimulus intensity 
and with monaural stimulation will be de- 
scribed in detail in a separate publication. 

The rather heavy commissure running be- 
tween the two colliculi has been suggested as 
having possible significance in localization (1). 
Accordingly, we sought to determine whether 
the commissure is required for binaural inter- 
action to occur at the colliculi. We interrupted 
the commissure in six animals, in some cases 
transecting it and in other cases removing it by 
aspiration. We used successive clicks to test for 
binaural interaction before and after inter- 
rupting the commissure. The normal respons 
were altered somewhat when the commissure 
was interrupted, both because the electrodes 
could not be repositioned exactly and because 
the volume of responding tissue was changed. 
Therefore, the modified response should be 
compared in each case with its control normal 


BEFORE AFTER 
COMMISSURE CUT COMMISSURE CUT 
- 
a 
z 
& 
$ 
cre 
ij ! 5 
i - 
u 
Jg 
u 
Q 
£ 
2 6 
d 
a 
z 
Š 
az 
Ii 3 $ 
E 
X 
12 
eg "ut 
z 
[s] 
z " 8 
1/29/1954 


mses and of responses 
both before and after 
inferior colliculi. 


Fic. 5. Graphs of normal resp 
modified by binaural interaction. 


transection of the commissure of the 
responses were 


Normal re- 
ind 6 were 


The delta interval was 1.0 msec. The 
the right inferior colliculus 
15 and modified response 
ft ear; normal responses 
S, by stimulation 


recorded: at 


sponses | ant i 
«l by stimulation of the I 
| modified responses ł and 


evoke 
sand 7 ane 
of the right ear 


AND EV: 
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response. It is clear in Figure 5 that responses 
6 and $, obtained after the commissure W% 
cut, are modified from the corresponding E 
mal responses, 5 and 7. Moreover, 6 and 8 are 
not greatly unlike the modified responses 2 2 
4 obtained while the commissure was intact 
Similar results were obtained with the other 
animals. Evidently the commissure is not ihe 
quired for binaural interaction to occur at 
inferior colliculi. 


DISCUSSION 

e e caw ot {he cok , 

Our description of the responses of th nad! 

liculi differs in two important respects té 

that of Ades and Brookhart (1). They feriot 
“Difference in latency of response of in 


P neue arora sti 
colliculus to ipsilateral and cont ralateral jor 

i ; i arliest pe? 
lation plus difference in the sarliest D ge 


4 Jis og pon 
shoulder of the collicular and brachial rest a 
ipsi ate 


indicate one more synapse in the m 
pathway than in the contralateral’ (p. «der 
They report that the earliest peak or shot nin- 
(which we have labeled deflection -1) i$ di Wwe 
ished or absent in the ipsilateral response? in 
have not observed a case of absence © cords 
the ipsilateral response. The published re cem 
of Ades and Brookhart (their Fig. 3) all l 
to show at least a trace of -1 in the ip 
response, and in some cases it is rather nuch 
Furthermore, we have not observed P id 
difference in the latency of ipsilateral am "m 
tralateral responses. Ades and Brookhart ^ " 
the first positive swing of the base eae 
“grossly, but significan g 
ik of the de 


estimate latency 


We used the latency of the pea el jable 
tion for two reasons: (a) It is more (with 
inasmuch as it is less apt to be confuse cal 

(b) The P. 


sntativ® 
represents in 
the moče f 


fluctuations of the base line. 
latency. seems to be the more 


measure because it is, in a sense, 


f 3 ation 
the latency spectrum of the popl nit find 
responding neural units. Thus, we ¢ ei usio 
evidence in our observations for the c eral 


e » jpsilat 
that there is one more synapse 1n the i 


than in the contralateral. 


pathway 
e 


After completing our study, W 
the recent unpublished thesis of 
which binaural interaction at t 
colliculus was investigated (4). Tt 35 Sewe 
difficult to make detailed comparisons © : : 
his results and ours, since Coleman pe ase 
three delta inter vals 10, 20, and 5 


ol 
earned f 
lear! n 


the 


BINAURAL INTERACTION AT 


Also, Coleman observed the responses with an 
9scilloscopic sweep speed only about one- 
lieenth as fas 


t as ours; consequently, he 
‘ould not distinguish the different positive 
deflections in the collicular response. His 
Measurements of amplitude were made from 
us base line to “the peak” of the response. 
Tobably these measures were chiefly of deflec- 
tion B, although the amplitude of deflection -1 
Probably set a minimum to the measures of 
Modified responses at these delta intervals. 
oleman interpreted his results as demon- 
‘trating that binaural interaction does occur at 
= inferior colliculus. In addition, we are in 
den with his two further general con- 
its Ms (1) increasing the intensity of the 
respon ak leads to greater inhibition E = 
dui, nse to the second click, (2) decreasing t ne 
» SI of the interval between clicks leads 
hee ee inhibition of the response to the 
Cond click” (4, p. 172). 


SUMMARY 
2 Although cortical correlates for the locali- 


za 
pn of sound in space have been demon- 
Sone it is clear that some ability to localize 


The is possible in the absence of the cores. 
.Uelore, we recorded electrophysiological 
i Ponses at the inferior colliculi in order to 
i Emine whether impulses from. the two ears 
e Tact at this level of the auditory system. 
Ck stimuli were delivered independently to 
"M ears, At both the left and the right 
tha lor colliculus, responses to stimulation of 
© ipsilateral and contralateral ear showed 
“acteristic differences. in amplitude and 
E Ve form, Evidence for binaural interaction 
Ts found in the following observations: (a) 
* response to simultaneous stimulation of 
€ two cars is smaller in amplitude than the 
0 LETETM responses to monaural pone 
pach ear, (b) When one car is stimulate 
hily before the other, the response to the 
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second stimulus is modified. Of the two main 
surface-positive deflections of the collicular 
response, the first can be modified by binaural 
interaction only when the interval between 
paired clicks is less than about + msec. The 
second deflection can be modified up to inter- 
vals of about 20 msec. The maximum extent of 
modification is greater for the second detlection 
than for the first. 


Severing the commissure of the inferior 


colliculi does not abolish the binaural inter- 
action. 
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EFFECT OF CORTICAL IMPLANTATION OF RADIOACTIVE COBALT ON 


LEARNED BEHAVIOR OF RHESU 


MONKEYS! 


HARRY F. HARLOW, KENNETH A. SCHILTZ, axo PAUL H. SETTLAGE 


Unizersity of Wisconsin 


The discrepancy between the behavioral 
effects of active and presumably irritative 
pathological brain processes and the effects 
of surgicallv produced lesions involving equal 
or greater areas has long been a puzzle to ob- 
servers. Much experimental literature exists 
on the effects of surgically produced lesions, 
but no one has reported the successful pro- 
duction of irritative lesions radically influenc- 
ing learned behaviors. On the possibility that 
such lesions might be produced through the 
implantation of radioactive materials, a series 
of preliminary studies was undertaken to 
investigate the behavioral effects of cortical 
lesions produced by cobalt 60. In 1933, one of 
the authors reported a study (1) in which 
radon seeds were implanted in the cortex of 
monkeys, but inconclusive results were ob- 
tained because of the insensitivity of the be- 
havioral tests employed and the loss of the 
isease before the experiment 


animals through dis 
was completed. 
METHOD 

Subjects 

Two male rhesus monkeys, no. 167 and no. 212, were 
used in this original exploratory investigation. The 
former animal had been extensively tested over a two- 
year period and had received intensive training on de- 
layed response. Monkey 212 had been tamed and tested 
for more than six months, but was less stable and a less 
effective performer than monkey 167. Throughout its 
laboratory history, 5 212 was difficult to motivate for 
testing. Animal 167 weighed 7.1 kg., and animal 212, 
3.3 kg., at the beginning of the experiment. 


Apparatus 

The Wisconsin General Test Apparatus (2) wa 
ployed throughout. Stimuli were those standardized 
for the particular situations described. 


em- 


General Procedure 
The general test procedures were previously stand- 
ardized at the Wisconsin laboratory. Individual test 


1 These researches were supported in part by a grant 
to the University of Wisconsin from the Atomic Energy 
Commission Contract AT(11-1)-64 and in part by the 
Research Committee of the Graduate School from funds 
supplied hy the Wisconsin Alumni Research Founda- 


tion 


in the presentation 
The method of Df? 
ntation 


procedures are indicated s 
of the experiments which folloy 
ducing the cortical lesions by cobalt 60 implar 
was described in an earlier paper by Settlage anc 
mill (5). The sites of the sources of all lesions in MO 
167 are indicated in Figure 1. 
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pRE- 


EXPERIMENT 1. EFFECT OF BILATERAL i: 
FRONTAL COBALT 60 IMPLANTATION ON PY 
LAYED-RESPONSE PERFORMANCE 


Method 


Monkey 167 served as S. Because of its 
<tensive delayed-response experience, pre 
training was limited to a single session of 40 tr! T 
each at 0, 5, 10, and 20 sec. of delay. Half the trials Y 
presented with the forward opaque screen up, allt com 
with the screen down. Each delay interval W2* 
tinued for5 successive trials, the order of interv 
determined from a latin square. The same proce ye 
was employed during the first 8 postoperative tes ved 
For the next 20 days, S was given 20, 10-sec- delay’ 
response trials, half with the forward screen opr on 


previo? 
operati 
ials, I 


ls bein£ 


edge ; : stin; 
with it down. Following delayed-response testaa ion 
cach of these 20 days, S was given 20 discrimin? je- 


trials—2 on each of 10 problems—in an attempt Pivo 
termine the feasibility of broadening the battery: pee! 
trial discrimination procedures and scoring i 
described previously (3). : . treal; 
The cobalt 60 was applied bilaterally in en’ dies $ 
ment to the frontal arcas with the tips of the nee". 


e co 
mm. below the surface of the cortex and th ach § 
source at the cortical surface. The dosage at frori rhe 


was 8000 r. calculated at a distance of 5 mm- 
center of the source of radiation. 


Results äi 
Performance of S on delayed respon”. 
the preliminary test day and during pato 2. 
radiation period is summarized in Pa tiom 
It is obvious that following cortical p à 
performance on delayed-response. her 
temporarily at a low level. Progressives h of 
of performance started after the fot 
fifth postoperative day. w-— ha! 
The protocols of general behavior 5 i NL 
167 was easily distracted in the test SUY Lic 
on the first day and inattentive and letha 16 
on the next three days. During days ~ 
the monkey was found prostrate in the 
and it was presumed that death 
e. But on both days the * 


yas 


cage, 
shortly ensu 
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Fic. 1. Cortical lesions produced by r 


ied effectively in the test situation, and 

"nd of efficient delayed-response - 

m ‘nce began! Recovery was assumed ri 

Eg e on day 8, and during the aes i 

Iss ne 20 days the monkey wan RT Sr 

ttia S delayed-response trials and 2 
'Scrimination problems. 
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as a second test. Dis- 
hown to be useful as an 


ssible 


Mati . = heen 5l 
Inge tic ^d z has beer 
hi] on learning h olvemen 


e information for daily 


more ton 10 M 
an other discrimination 


st tested 24 hr. after im- 
ainst the mean score on 


st days. - 
ted of 8000 r. at a distance 


of each of the two needles, 


“mm. from the center 


ATION OF RADIOACTIVE COBALT 


433 


DORSOFRONTAL VIEW - 


Zonkey 167 


adiation from cobalt 60. 


which were so placed that the centers of the cobalt 
sources were at the surface of the prefrontal cortex (see 


Fig. D. 


Results 


The performance of monkey 167 in experi- 
ment 2 is shown in Figure 3, which indicates 
that recovery on both tests began about the 
fifth or sixth day and continued for 15 to 20 
days. 

Between experiments 2 and 3, S was given 
eight additional training days on 10-sec. de- 
layed response and two-trial discrimination. 


EXPERIMENT 3. EFFECT OF BILATERAL TEMPO- 
RAL COBALT 60 IMPLANTATION ON DELAYED- 
RESPONSE AND TWO-TRIAL DISCRIMINATION 
PERFORMANCE 


Method 


On the basis of experience gained from experiments 
l and 2 it was concluded that a dosage of 8000 r, was 
adequate for producing the irradiation syndrome, that 
a test battery which included both delayed response and 
mination was desirable, and that a formal 
preoperative measure should be defined. The measure 
lected was performance on the last 4 days of a training 
sequence of not than 20 days. It was also decided to 
standardize the postoperative testing period at 20 days. 
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Results 


Experiment 3 was run under these condi- 
ions, and the results presented in Figure 4 
show that the course and nature of the deficit 
following temporal implantation were similar 
to those following frontal implantation of co- 
balt 60. The preliminary experiments gave no 
indication of cortical localization of radiation 
effects, although subsequent experiments sug- 
gest that such effects may exist. 

The protocols on general behavior show that 
the monkey was completely unable to test on 
the first postoperative day. Number 167 dem- 
onstrated no startle response and no aggressive 
response to rough handling. It paced restlessly 
in the home and test cages. The monkey 
reached for food but consistently missed it, 
smelled food but did not eat it, and occasion- 
ally bumped its head while pacing around the 


[s] 
o 


© 
[] 


RESPONSES 
o 

o 

LE 


o 
5 
E Tor 
[4 
Š 
8 
E 60 
s *— DELAYED RESPONSE 
i uus o---02 TRIAL DISCRIMINATION 
PE T 
| 1 1 — d 
PRE OP l-4 5-8 9-2 13-16 17-20 
POST OP 
DAYS 
Fig. 3. Effects of irradiation of bilateral prefrontal 


areas by cobalt 00 


SCHILTZ, AND P. H. 


SETTLAGE 


e—e DELAYED RESPONSE 


9--o2 TRIAL DISCRIMINATION 


PER CENT CORRECT RESPONSES 


4-1 1-4 5-8 9-12 13-6 17-20 
PRE OP POST OP. 
DAYS 


l 
"- & hate empor? 
Fic. 4. Effects of irradiation of bilateral temp 


areas by cobalt 00. 


cage. On day 2 the monkey completed : ile 
trials even though it showed apparent » 
sive behavior in the form of twitching of a 
and limbs. The animal pawed at empty ^ 
wells, reached for but missed et The 
brought its empty hand to its m n- 
monkey performed efficiently from da 
ward. 
Because of the indications of visual pee 
ance, ten trials on the two crossed- strings 
(4) were added to the daily test load, p» 
on postoperative day 3. No final conc dig 
can be drawn because of the lack of ph ake 
tion data, but the failure of the animal le se " 
significant improvement on this siml 
during the first 17 test days is 
disturbance. tive d 
Following the twentieth postopera av 
animal 167 was given eight addition? 
c. delayed response. tes! 
and the erosserh srr iov 
delay qe 


anc "HT 
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indicati 


training on 10-s 
discrimination, 
during a two-week period. On 
training days performance 0n 
sponse, two-trial disc rimination. ud 
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CORTICAL IMPLANTATION OF RADIOACTIVE COBALT 


tion and took a calculated risk in reducing the 
radiation dosage. 

Radiation dosage consisted of 4000 r. calcu- 
lated at 5 mm. from the tip of a needle im- 
ae in the right prefrontal cortex. The 

Ing lesion was partly lateral to, and 
aor coextensive with, that produced by the 

ita implantation. 

ve eon testing was conducted for the 
Wear days, but the monkey never sur- 
lest á : pss cent correct performance on any 
ber nd evidenced no progressive improve- 
itera] 1 any test. Furthermore, the animal s 
terior health and vitality showed drastic de- 
Were : iie It was assumed that these changes 
gressive ^a effects resulting from the pro- 
tions Ms Osage accumulations of earlier radia- 
alter ú dikey 107 was maintained for 60 days 
lested p termination of experiment 4 and 
lems s a Seven, six-trial | ee prob: 
Never fe : w eek. Irial 2 to 6 hg Eon 
Witenes ed 83 per cent and showed nc 

vement after the third day. When the 

^l was sacrificed at the end of this period, 


tnim 
S wi i " p- 
to eight had dropped from a high of 7.1 kg. 

48 ke 

The da mE 
lie data suggested that the “cortical irra- 
ten SY n drome" could be produced by uni- 
‘le ili Implantation, but because of the general 
. iv af c A nk 
live Y of S, the results were far from defini- 


X pp 

6 T OF UNILATERAL COBALT 
Lay PANTATION AND EXTIRPATION ON DE- 
io, RESPONSE TWO-TRIAL — DISCRIMINA- 
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ayy Derimen, 8 was conducted with monkey 
"5 S. This animal was given 17 days of 
* dp delayed-response training and then 
beg. 2 
ie ose, two-trial discrimination, and string 
‘J Yos tery, On the last 4 days its performance 
Im MS of Correct responses Was 72, 98, and 

Per cen 
mcd 4000 r. 
" a anieulited at 5 mm. from the radiation 
le su the right prefrontal cortex lateral to 
Peri, Pering frontal sulcus. At the end of the 
Mie ao radiation, suction was used to aspi- 
de E which was estimated to have 

yed by the radiation energy- 
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area by cobalt 60. 


Results 


The data presented in Fig. 5 show that uni- 
lateral implantation and subsequent extirpa- 
tion produced as drastic impairment in per- 
formance on all three tests as had bilateral 
cobalt 60 implantation in S 167. It was pre- 
sumed that the effects were caused by the 
cortical irradiation inasmuch as small, pre- 
frontal lesions surgically produced have not 
been attended by loss on learned performances. 
Because of the individual characteristics of 
animal 212, it was deemed necessary, however, 
to have reservations about any conclusions, 
for its preirradiation history was one of test 
unreliability. Furthermore, on the delayed- 
response trials preceding the cobalt 60 treat- 
ment, its performance level was far lower than 
desirable for animals to be used in brain- 
damage experiments. 


EXPERIMENTS 6 AND 7 
Two experiments were conducted with 212 
as the S to determine the effects of gamma 
radiation on the monkeys behavior when pre- 
esion was produced. The tech- 
nique was to subject the animal to a 4000 r 
dosage delivered simultaneously by each of two 


sumably no 


needles whose tips rested on the surface of the 
cortex and whose radiation source wa 


The needles were bilaterally placed on 


s 3mm. 


distant. 
the prefronta 
from the needle 
square law, total radiation dosage should have 
er the conditions of experiments 


cortex. Because radiation dosage 


source follows the inverse 


been less unc 
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6 aid 7 than under the conditions of the pre- 
ceing experiments. 


Risulis 

Monkey 212 showed apparent loss on all 
three tests during the first 10 days of testing in 
experiment 6, and the recovery curves were 
amilar to those previously obtained. Approx- 
imately 50 days of testing were subsequently 
carried out in an effort to stabilize performance 
on the three tests, and experiment 7 was then 
initiated. During the first two postimplanta- 
tion days monkey 212 refused to complete the 
standard series on any test but performed at a 
level significantly beyond chance on the com- 
pleted trials. The difficulty appeared to be 
motivational and led the Es to doubt that a 
true loss of learning capabilities existed. Per- 
formance from day 4 on was as normal as any 
E had obtained from this relatively intran- 
sigent animal. 

The unavailability of any other highly 
trained monkeys at this time necessitated 
termination of the preliminary experiments. 


SUMMARY AND CONCLUSION 
1. Implantation of radioactive cobalt 60 
with a dose of either 8000 or 4000 r. at 5 mm. 


H. F. HARLOW, K. A. SCHILTZ, AND P. H. SETTLAGE 


al loss 


from the source produces immediate tot d 
an 


of previous laboratory-learned behaviors 
subsequent recovery during a 20-day period. 

2. This cortical irradiation syndrome can D^ 
produced by either bilateral or unilateral im- 
plantations in either the anterior or posterior 
association areas. 
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The present volume is dedicated to Calvin Perry Stone, first. ed- 
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His devotion to research, his enthusiasm for his profession, and the 
courage and integrity he demonstrated in all his endeavors set an 
inspiring example to all who had the privilege of working with him. 
As editor, author, teacher, and researcher, Dr. Stone will be remem- 
bered always as one of the great and good men who shaped the course 


of modern psychology and passed on to others a heritaye of scientilic 
ideals. 


THE FUNCTIONAL INDEPENDENCE OF TWO DISCRIMINATION HABITS 
ASSOCIATED WITH À CONSTANT STIMULUS SITUATION! 


W. RICHARD GOODWIN axo DOUGLAS H. LAWRENCE 


Stanford University 


A basic assumption of the continuity hy- 
Pothesis in discrimination learning is that all 
Spects of the stimulus situation impinging on 
the organism at or near the time of reinforce- 
Ment tend to become associated with the re- 
Narded response (6, 7). Lashley (3), Krechev- 
Sky (2), and others, however, have assumed 
m (a) the animal's behavior. on any given 
of ie Correlated with only a limited number 

impinging stimulus aspects, and that 
the the set of stimulus aspects correlated with 

n response changes at various stages of 
iid They have not suggested a mecha- 

; | Jy means of which this could be achieved. 
je, mination reversal studies usually. have 
hy Mterpreted as favoring the continuity 
‘pothesis (1, 5), 

Pothesie 1° support for the noncontinuity hy- 
emplo is nas been suggested by a recent study 

n au à different experimental design from 
Animals S discrimination reversal studies (4). 
sis d. Were trained to discriminate on iie 
aired ips and then the other of two randomly 
j Sumulus dimensions. The interpreta- 
f the results was that, once a discrimina- 
One had been established on the two cues of 
ns dimension, it was not broken 
) eliminated while the animal responded 


he sec ; : l 
d inp Second stimulus dimension, even though 


tay 
ado i : 
of q Mly reinforced and nonreinforced on each 


Th 
e 
NE pres 1 J 
jg, esent. experiment attempts to substan- 


type. 
riment is as follows. 


Pri ch nation where two stimulus dimensions, 
at Sea and hurdles, are randomly paired 
i Rug, Sive trials, i.e., the two combinations 
Meg ani black high hurdles vs. white low hur- 

ad black low hurdles vs. white high hur- 


Thi 
any TS Study 
ong iom the 
“ound 
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dles, occur equally often and in mixed order. 
The Ss first are trained to respond to one cue 
as positive, e.g., white. This training results 
in the two cues of the second dimension, high 
and low hurdles, being randomly reinforced 
and nonreinforced from trial to trial. When the 
Ss reach the criterion on this brightness dis- 
crimination, the reward then is correlated with 
one of the hurdle cues, e.g., high hurdles. Dur- 
ing the learning of this second discriminaticn, 
the two brightness cues, black and white, are 
being reinforced and nonreinforced randomly. 
On the third discrimination, the reward is cor- 
related again with one of the brightness cues; 
on the fourth, it is correlated with one of the 
hurdle cues; and so on until the Ss complete 
six discriminations. 

According to the continuity hypoth as 
outlined by Spence (6), each time the Ss are 
responding to a cue on one dimension, e.g., 
white, the two cues on the other dimension, 
e.g, high and low hurdles, tend to become 
equal in habit strength, for each is being rein- 
forced and nonreinforced an equal number of 
times. Thus, during the learning of the second 
discrimination the first discrimination is lost 
or nullified. If this is true, however, then, 
when the Ss reach the third discrimination in- 
volving the same two brightness cues as the 
first discrimination, it should be immaterial in 
terms of rate of learning as to which of these 
two cues is made positive and which is made 
negative. The Ss should learn equally rapidly 
whether the positive cue on this third dis- 
crimination was the positive cue on the first 
discrimination or whether it was the negative 
cue on the first discrimination. 

If, on the other hand, the Ss tend to respond 
selectively to the stimulus aspects in the situa- 
tion, such indifference to the two cues on the 
third discrimination need not be expected. 
Rather, the expectation would be that the S: 
would show positive transfer between the first 
and third discriminations when the positive 
cue was the same in each and negative transfer 
between them when the positive cue of the 
third discrimination was the negative cue of 
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he first. A justification for these statements 
s given in the discussion section. 

In the design of this experiment, one addi- 
tional feature is essential, however, to satisfy 
the requirements of the continuity hypothesis. 
According to this hypothesis, whether or not 
he difference in strength of the two cues of 
he first discrimination is completely nullified 
luring the training on the second discrimina- 
tion depends upon the total number of rein- 
forcements and nonreinforcements each of 
these cues receives. As it is impossible to com- 
pute the required number in advance, the 
alternative is to have subgroups of Ss that re- 
ceive different amounts of overlearning on the 
second discrimination. If with this precaution 
there still is no evidence of a decrease in the 
degree of positive and negative transfer be- 
tween the first and third discriminations as the 
amount of overlearning increases, it will be 
fairly strong evidence against the continuity 
hypothesis as now formulated. 


y 


ZTHOD 

The Ss were 40 pigmented rats, half males and half 
females, ranging in age from 100 to 150 days at the be- 
ginning of the experiment. 

The discrimination apparatus has been more fully 
described previously (4). It consisted of a starting box 
leading by means of a 2 in.-wide alley into the narrow 
end of a V-shaped choice chamber. At the broad end 
of the V were the entrances to two goal boxes, each 
tin. by 4 in. by 15 in. Each box contained a food well 
at the far end. A sliding door at the entrances to the 
boxes prevented retracing. The entire apparatus was 
painted a mid-gray, The goal boxes were covered by 
slid, and the rest of the apparatus with wire mesh. 
The Ss were maintained on a 22-hr. hunger rhythm. 
Food and water were available to them for 2 hr. follow- 
ing cach day's training tria! fter which the food was 
removed. After taming, the Ss were adapted to the 
apparatus for ten trials by being forced to run for food 
in a mid-gray goal box which half the time was on the 
left and hali the time on the right of the apparatus. 

On cach trial of the experiment proper one goal box 
was white and the other was black. The right-left order 
of these was varied from trial to trial. On half the trials 
the white box contained four equally spaced high 
hurdles consisting of plywood strips 1! in. high, and 


ag 


the black box contained four low hurdles 44 in. high. 
On the other half of the trials the high hurdles were in 
the black bos and the low hurdles in the white. The 
hurdles were always the same brightness as the goal 
box. The sequence of trials was so arranged that neither 
of the wo brightness cues occurred in a given spatial 
position for more than two trials in succession. The 
same true of the two hurdle cues. In addition 
neither of the two hurdle cues occurred with the same 
brightness Cue for more than two trials in succession 


was 
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AML Ss first were trained on a brightness discrimina- 
tion with black positive for hali the Ss and white po E 
tive for the other hali. The food reward always a 
correlated with a given brightness irrespective ol 
whether that goal box contained high or low hurdles. 
Five trials a day at 10-min. intervals were given unc 
each 5 had reached a criterion of 13 correct choices 
out of 15 consecutive trials. A rerun method was used. 

immediately 7 
ain until it chose 
correct choice: 


crimination, © 
y the 


If it made an error, S was picked up, 


The food T€ 
irdle cue 
or black 


same method and to the same criterion. i 
ward alw is correlated with a given hu 
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irrespective of whether the goal box was iuis and lo 
High hurdles were positive for half the 55 ible 


All four pe 
cue on the 
on the seco" 
ency: |. 

iscri! 


hurdles positive for the other half. 
combinations of positive brightnes 
discrimination and positive hurdle cue 
discrimination occurred with equal frequ i 
Upon reaching the criterion on the second k ;roups ! 
tion, the 40 Ss were divided into two major £ »nsion? 
20, hereafter referred to as the Change of Diew CDR) 
(CD) and Change of Dimensions with Reve =t ibgroups 
groups. Each of these was divided. into fait bight S ib 
of 5 Ss. In so far as possible the 58 1n these earn 
groups were equ d in terms of sex, rate bination 
on the first two discriminations, and the cor 
of positive cues they had ex] »erienced. " 
All CD Ss upon completion of the hurd iae 
tion were returned to the brightness 
with the positive brightness cue for each | 
as had been positive on the first diserim 
fourth diseriminati 
tive cue the 
crimination. The fi 
the sixth was hurdles. 
inations for a given S involved 
same cue always positive, and the 


first 


na- 


s discr " 
h S the same, y 
ination 


ive cue 


ightn 
imination was brigh 


even-nun 
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crimination were returned to the brightn for cach 
tion but with the positive brightness cue, ve Ct 
this discrimination the same as th ination 

first. discrimination. ‘The fourth. a 
again hurdles but with the positive imina 
the negative cue on the second discrit and t 
fifth discrimination was again brightness: ^ ; 


NT 
e neg js 
discrim 
cue the 
tion: 


was hurdles. Thus the odd nume iti tin > vi 
for a given S involved brightness m and n 
f as si > posi ud NE 
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of S's previous CAF n 
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ach time S returnec 
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and negative cue 
S's previous experience with me, and 
The four subgroups 1n the Cp ^ ins 
differed in the amount of overlearning 3 


i first be 
on cach discrimi 
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TABLE 1 
_Hlustrative Training Schedule Showing Positive Cue 


Overlearning 


Group 
T Trials 


Discrimination 
1 2 E 4*4 Y & 


CD 0 
20 
40 
100 


CDR 0 
20 

40 

100 


trials gy š 
una overlearning, ie. th 
© the ne; 


carni 
arning, je 


proceeded. immediately 
discrimination, 5 were given 20 trials over- 
Sisi n they continued for 20 trials beyond ths 
given p MEIN going to the next discrimination, 5 Were 
overlen trials overle rning, and 5 were given 100 tria Is 
aming, The Ss in each subgroup received this 
amount of overlearning on the third, fourth, and 
discriminations. The over-all design of the experi- 
is illustrated in Table 1. 


Same 
fifi 


ment 


the fe the amount of time involved in running 
trials overlearning subgroups, these Ss were 
all siz * 1 the first four di riminations rather than 
"UD addition, on the third discrimination, but 
Were UN Second, the overlearning trials for these Ss 
data Pa at the rate of 10 per . Thus, while the 
ier us Hy these groups are compara ile to those of the 
trig aps during the learning of the third dis 
birth eee are not strictly comparable on the 
ch of the 100 trials overlearning sub 


‘ourth, 
* during the experiment, 
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RESULTS 

The equality of matching between the eight 
subgroups is shown graphically in Figure 1. 
An analysis of variance of these data for dis- 
criminations 1 and 2 is shown in Table 2. This 
indicates that the subgroups tended to learn 
at comparable rates during this period when 
they were all treated exactly alike. The only 
component reaching significance is the mean 
difference between the two discriminations, 


presumably due to the fact that (a) the hurdle 
discrimination was a somewhat harder prob- 


lem than the brightness discrimination (4), and 
that (b) the shift to the hurdles was prolonged 
because of the previous training on the bright- 
ness discrimination. 

The third discrimination provides the first 
test of the difference between the CD and CDR 
groups. At this point both groups returned to 
the brightness discrimination, but for the CD 
group the positive cue was the same as the 
positive cue on the first discrimination, whereas 
for the CDR group the positive cue was the 
negative cue of the first discrimination. The 
analysis of variance based on scores to the 
criterion for this third discrimination also is 
shown in Table 2. The two main findings are: 
(a) the CDR group on the average takes sig- 
nificantly more trials (.01 level) to master this 
discrimination than does the CD group, and 


TO CRITERION 


1 cor 
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40 TRIALS 


o; $ + 1 g g 


SUCCESSIVE 


u Fach of the above figures represents 
Se mount 


My nee 
y four Ss are represented 


of overlearning. Each point is based on hive 
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TABLE i 
Results of Analysis of Variance 
Discriminations Discrimination Disc riminationst 
Component 1&2 à 1386, 
df Var. df Var. di Var. 
1. Discriminations 1 3360.3* 2 
2. CD vs. CDR 1 88.8 1 1 
3. Overlearning a 284.4 3 2 
a. 0. 20, 40 2 
b. 100 vs. 0, 20, 40 1 
4. Interactions . 
"EYE 1 167.0 2 
b 1X3 3 492.5 4 is 
e 2x3 à 99.6 3 282.0 2 p | 
d. 1x2x3 E 170.2 4 Id 
t. Animals X Diser: 30 308.0 48 95.1 
5. Animals within subgroups 30 149.2 30 382.6 24 i 
* 01 level of significance. 
** 05 level of significance. 
+ Only the 0, 20, and 40 trials overlearning groups are included. 
-—— 
" " š " P WR axalouis di PP 
(b) there is no evidence of any interaction be- the fourth discrimination. Àn analy ? different? 
tween the amount of overlearning and the CD- ance of these data indicates that the bu s. the 
CDR contrast. This latter finding supports between the CD and CDR means ni other 
: rue . : : : wa D ne 
the contention that the initial brightness dis- same direction and as large as AOE 1 imint" | 
crimination was not nullified even with pro- three overlearning groups On this disc"! ; 


longed training on the hurdles discrimination. 

The other major finding in these data is the 
significant difference (.05 level) between the 
overlearning subgroups in terms of the mean 
number of trials required to reach the criterion 
on the third discrimination. When the sum of 
squares for this component is subdivided, there 
is no evidence of significant differences be- 
tween the (), 20, and 40 trials overlearning 
groups. Rather, the major portion of the total 
sum of squares is attributable to the difference 
between the 100 trials overlearning group and 
the average of the other three. 

An analysis of variance of trials to criterion 
for the 0, 20 and 40 trials overlearning groups 
on discriminations 4, 5, and 6 is shown in Ta- 
ble 2. The only component reaching signifi- 
cance (.01 level) is the difference between the 
CD and CDR groups. There is no evidence 
that the amount of overlearning had any sig- 
nificant effect on the rate of learning these dis- 
criminations, nor is there any evidence of an 
interaction between the amount of overlearn- 
ing and the CD-CDR contrast. 

Because on the third discrimination the 100 
trials overlearning group was given its over- 
learning trials at the rate of 10 per day, the 
data of this group were handled separately for 


The results for the 


and trials to criterion. 


Table 2. On this 


a 
freedom iU, | 


tion, but with so few degrees o! areant 
f signilit 


between the .05 and .10 levels 0 


DISCUSSION - 
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From the point of view of a continu i ing | 

ory, there are two possible ways of intel rdle 
these results. The first assumes yo ade- 
and brightness differences act as hut js n? 
pendent stimulus dimensions, 1-€- Is ssu np* 
“afferent neural interaction." On this ya hat 
tion, the continuity hypothesis predic ina” 
the difficulty of learning the third disc 


tion increases with increasing 
learning on the second discr 
overlearning strengthens the hurdle 
nation and makes it harder to € 
brightness is again the relevant i 
third discrimina jore 
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the significant diffe 
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trials overlearning group. 
consistent. evidence of such 
5. and 6, as can 


assumption about. i 
the contin: 
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ent stimulus dimensions, 


FUNCTIONAL INDEPENDENCE OF TWO DISCRIMINATION HABITS 


pothesis also predicts that with increasing 
overlearning on the second discrimination the 
difference between the CD and CDR groups on 
the third discrimination should progressively 
decrease. ‘The overlearning on the hurdles not 
oly tends to fixate this discrimination, but 
e Lee time it tends to nullify any re- 
TI s d rimination on the brightness cues. 
Fed hile the absolute difficulty of the third 
; nmation should increase for both the CD 
bee groups, the difference in difficulty 
.[ these two groups should decrease with over- 
“ae ae data for the third discrimination 
i i er ones fail to show any evidence 
Sven an interaction factor. 
hi ssumption available to a 
— Ü! hypothesis is that the stimulus di- 
Stimulus ire not independent. Instead, the 
though. Situation must be conceptualized 
high um eee just four cues: (a) blac 
White. j lack-low, (© white-high, and (d) 
Weg Phe implications. of this for the 
trated ANS CD and CDR groups is illus- 
third E acus 3 It is apparent that on the 
Verse i the CD group must re- 
Whereas 4 black-low anc white-high cues 
'etain de P black-high and white-low cues 
as dn je same positive and negative values 
CDR SS previous two discriminations. The 
lie Whack be: on the other. hand, must reverse 
le black. um and the white-low cues whereas 
hanged E and the white-high zemam un- 
log Rae ^ ME each time the CDR group goes 
LM Ciscrimination, it must reverse a pair 
hap: S$ that have been building up differential 


hab 

I stro : A : 

“inj Strength during the previous two dis- 
Nitta. 7° : 

teye ‘tions, Fhe CD group, however, need 


Preceding pair of cues that has had only one 
eret ovens on which to establish 

e (p " habit strengths. 1 he result is that 
group would find it harder to learn 
discrimination than would the CD 
ins rr of the differential amounts of 
The dus the cues to be. reversed. 
ia ign. of the experiment does not = 
Deng aeo erpreration completely, but the 
io, ; Tesults are against it. This interpreta- 
the plies that the CDR group is poorer than 
"us, BPOup on the third discrimination be- 
Pad hs Must reverse a pair of cues that have 
S th Average of 35 trials additional training, 
Plus is 20 trials on the first. discrimination 
'* 13 criterion trials. If the 0, 20, and 40 
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Illustrative Ana 


Group Discrimination and Positive Cue 


CD Pairs 1 B+ 2 H+ SB-- | +H+ 
a BH+ WL- BH+ WL- BH+ WL—|BH+ WL 
b  BL+ WH- BL- WH+ BL+ WH—BL — WH+ 
CDR 1 B4 2 H+ 3W+ 4L+ 


a BH+ WL 
b BL+ WH— BL 


BH+ WL- BH— WL+ BH— WL+ 
WH+ BL- WH+ BL+ WH 


trials overlearning subgroups within the CD 
and within the CDR groups are considered, 
however, it is apparent from the analyses in 
Table 2 that overlearning a discrimination to 
this extent has little if any effect on the rapid- 
ity with which the third and subsequent dis- 
criminations are mastered. The only evidence 
in the experiment that overlearning has any 
effect on the rate of mastery of a new discrimi- 
nation comes from the 100 trials subgroups on 
the third discrimination, and even this effect 
tends to disappear on the fourth discrimina- 
tion. 

On the noncontinuity assumption, a mecha- 
nism can be suggested that would account for 
the present results. The proposed mechanism 
perhaps can be made clear in terms of an illus- 
tration. Assume that the stimulus situation is 
arranged so that the black-white cues always 
are placed at the top of the apparatus and the 
two hurdle cues at the bottom. Then in order 
to learn the first discrimination, where white 
is positive, the Ss must learn two things: (a) 
they must learn to orient toward the top of the 
apparatus, and (b) they must learn to prefer 
the white over the black. To master the second 
discrimination, where high hurdles are con- 
sistently but brightness cues only randomly 
rewarded, the Ss must extinguish the original 
ntation habit, learn its converse of looking 


orie 
down, and establish a preference for high ove 
low hurdles. Further, assume that during the 
first few trials on the second discrimination, 
while the Ss continue to respond with their 
original habits, the orientation habit of look- 
ing up extinguishes more rapidly than does the 
preference for white over black. This implies 
that the Ss begin orienting downward and re- 


sponding systematically to the high hurdles 
even though the discrimination on the bright- 
ness cues remains. 
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Ii, now, the reward again is correlated with 
one of the brightness cues, the 5s once more 
must learn to orient upward. Once this habit 
is reinstated, however, they will show con- 
siderable positive transfer between the first 
and third discriminations if white is again the 
positive cue. Their original preference for white 
over black has remained despite the inter- 
polated training on hurdles, On the other hand, 
they will show negative transfer between the 
first and third discriminations if black is now 
the positive cue, for then they must reverse 
their preferences on the brightness dimension. 

This formulation postulates two learning 
processes occurring simultaneously, the de- 
velopment of orientation behavior and the es- 
tablishment of stimulus preferences. It permits 
selective responding because the orientation 
behavior determines which set of cues im- 
pinges on the organism at any one time. At 
the same time, the assumption that these two 
classes of behavior are learned and extin- 
guished at differential rates allows the prefer- 
ence for one stimulus aspect to retain its habit 
strength and remain nonfunctional even 
though it is present in the physical environ- 
ment while the Ss are systematically reacting 
to other stimulus aspects. 

This illustrated mechanism appears inap- 
propriate for the present experiment because 
of the lack of any spatial separation between 
the sets of stimuli used. But even if it is as- 
sumed that the sensory input contains all four 
stimulus aspects on a given trial, it is con- 
ceivable that two analogous learning processes 
are involved. One, corresponding to the overt 
orientation behavior, would involve the iden- 
tification of and reaction to a dimension or set 
of stimuli, and the second would involve the 
establishment of preferences between stimuli 
within a set. If, then, it is assumed that the 
first of these processes is established and extin- 
more rapidly than the other, it is 


guished 
apparent that the Ss would be responding s 
tematically to one stimulus set without modi- 
fying their preferences for the other set, even 
though the latter was impinging on their sense 
receptors during this time. This implication 
seems 10 be the core contention of the noncon- 
with the 


tinuity hypothesis and fits in well 
results of the present experiment. 
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It is apparent that this roughly sketched 
mechanism is designed to account for some of 
the phenomena usually ascribed to “set” and 
“attention” (cf 4, 8). It has no bearing on the 
controversy between "expectancy" and “S-R 
formulations. Either one can allow for it if It 
proves to have any merit. Rather, its main 
implication is that there can be hierarchical 
dependencies between habits such that many 
types of transfer and related phenomena cay 
not be predicted on the basis of the continuity 


assumption as presently formulated. 


SUMMARY 


< A seule] into 
Forty pigmented rats were divided ! 


eight subgroups of five each. All groups wer 
trained in a discrimination situation involving 
two stimulus dimensions, high-low hurdles P 
black-white, which were paired randomly. kis 
successive trials. The sequence of distrimi a 
tions learned by four of the subgroups: 
Change of Dimensions (CD) groups, i» 
follows: (a) brightness with black D? "^ 
(b) hurdles with high positive, (©) righ 
with black positive, (d) hurdles with high P ni 
tive, (e) brightness with black positive: four 
(f) hurdles with high positive. The alhet si 
subgroups, the Change of Dimensions ^c a 
Reversal (CDR) groups, learned the sume i a 
two discriminations, but on the third : ME, 
was positive, on the fourth low was m. the 
on the fifth black was positive, ETT 
sixth high was positive. Starting / 
second discrimination, one subgroup fror 
of the CD and CDR groups had zero 
overlearning, one 20 trials, one 40 U 
one 100 trials. The 100 trials ove 
groups did not complete the fifth and $ 
criminations. 

1. The CD groups on the average -ons Se 
the third through the sixth discrimina ti? yg 
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with 7 
m eat 
trial 


rials, E 


ixth í 


maste! 


nificantly more rapidly than did tht 
groups. . yas 
S bly on the third discriminati” er- 
there any evidence that the amount M 
learning increased the difficulty of the st 
ing discrimination, [ihe dis 
3. There was no evidence on an ae ait the 
criminations of an interaction caret pk 
amount of overlearning and the 


contrast. 
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+. These results were interpreted as opposed 
to the continuity hypothesis. A noncontinuity 


mechanism was described that would account 
for them, 
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SOME PROPERTIES OF THE WARNING STIMULUS IN AVOIDANCE BEHAVIOR 


MURRAY SIDMAN 


Army Medical Serzice Graduate School 


Previous experiments have demonstrated the 
feasibility of establishing and maintaining 
avoidance behavior without the use of an 
exteroceptive warning signal (11, 12). The 
stable rates of responding generated by this 
procedure, and the reproducible distributions 
of inter-response times (13), provide sensitive 
base lines from which to measure the effects 
of other variables in the avoidance situation. 
The present investigation describes changes 
in the characteristics of avoidance behavior 
that result from the introduction of a stimulus 
prior to each impending shock. 


METHOD 
Subjects 


2 males and 2 females, and 12 male white 
d the total number of subjects (Ss) em- 


Four ca 
rats compri 
ployed. 


Apparatus 

The lever-pressing apparatus for the rats, with its 
ssociated automatic control and recording devices, has 
been described previously (12, 13). The only addition 
was a small neon pilot light with a white hood located 
8 in. above the lever and inaccessible to the rats becaus 
of a clear plastic false ceiling interposed between it and 
the lever. This light, Hashing once per second, was the 
warning stimulus preceding shock. 

The experimental box used for the cats was a 2-ft. 
cube. An electrifiable grid composed the floor and one 
side, while the other three sides were made of galvanized 
iron. . plate gla a sliding door for 
insertion and removal of the animals. The lever, a 2-in. 
square of aluminum, was located 2.5 in. above the grid 
foor during original training, but was rà ed to a height 
of 10 in. prior to the present experimentation. The shock 
intensity, held constant throughout for a given cat, 
was set at values just high enough to maintain consist 
ent levels of behavior. These values ranged from 2 to 4 


s Lop was also used a 


ma. for the several cats. 


Procedure 


Nondiseriminated azoidance. The basic procedure has 
been reported previously (11), In summary, a brief 
shock (53) occurred at regular intervals. e 20 sec.. 
Every time the animal 


unless the lever was pressed 
emitted the avoidance response, the shock was post- 
poned an additional 20 sec. The animal received à shock 
cach time 20 sec, elapsed without a lever press. The time 
hy which each response delayed the shock w ill be termed 
he RS. interval. Holding the lever down following a 
prevent the shock from occurring 


the 
press did not | 


Diseriminated avoidance. The same contingencies 
were in effect, but with the addition of a stimulus belor? 
a shock was due. For example, if the animal permitted 
15 sec. to elapse without a lever press, a warning stimu- 
lus (5j! appeared and remained until terminated by k 
response or a shock, whichever occurred first. Pach 
response in the absence of Sı postponed both Sı and 52 
Thus both stimulus and shock were subject to contro, 
by the anir he time by which each response d 
the warning stimulus will be termed the 4-51 inte 
while the time between stimulus onset and shock, 
response occurred, will be termed the SiS inte 
The shock duration was fixed at 0.2 to 9.3. sec 
both rats and cats. The warning stimulus W 
ior the rats and a clearly audible tone for the 
rats ran on alternate days, 6 to 7.5 hr. per day. 
cats ran in daily 2-hr 


pile the 


wl 


ions. 


RESULTS 
, n ; ^ intro 
Changes in response rate following ratei 
duction of the warning signal are illust pis 
ductic \ . pas 
in Figure 1. When compared to prior "T 
levels established over five consecullve ^ 


E d p. rhe Cato 
ions (35 hr. for the rats and 10 hr. tor HERES 
show * 


rales 


without the signal, the response se dh 
i » chan 
marked decline as a result of the chang a 
does ! 


procedure. The decline, however. 


E 
; «initously * 
arily occur as early or as pret ipitot 


neces 
is shown in Figure 1. 


on the ! 


ligure 2 provides information more 
tion between the rate measure me rent ° 
conventional indicator of the establish! x 


a conditioned avoidance response- i^ (e 
interval for this animal was 15 sec. n ani 
R-S» interval was 20 sec. That is, il the NT 
mal waited 15 sec. without responding it 
signal appeared, and if it waited 20 507 of 
received a shock. The measure. 

stimuli discriminated,” gives the pie 
of an avoidance response in the pus 
t is obtained by dividing t 


the signal. I 3 je 
ber of responses during the signal by f 
ing DY 


number of signals and multiplying con” 
mav be noted that the rate decline © i í 
panied by an increase in the pereen tates 

stimuli discriminated. Session t D of © 
control for the expected probability. pe? 
points in tm alin 


mployed. ed 
l | be dis u 


ce 


auc 
nage y 


sponses al comparable 


the stimulus was not € s 
" aci 
cance of sessions 11 and 12 w! 
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PROPERTIES OF THE WARNING STIMULUS IN AVOIDANCE 


below. This measure is analogous to the “per 
cent conditioned responses" indicator gen- 
erally used in avoidance experiments, the one 
difference being that in the present situation 
the onset of the stimulus is under the control 
of the animal. (Although several investigators 
nave used procedures in which “extra” re- 
sponses were permitted to delay the occurrence 
fa “trial,” none has reported quantitative 
ata on the frequency of such controlling 
responses [5, 6, 10].) 4 
Along with the decline in rate produced by 
i Warning stimulus, a striking change ap- 
en Ha the tempora distribution of avoidance 
the gen l'his change is reflected not only in 
hee Led that occur during the Sı 
the oc ut also in those emitted prior to 
; * Onset of Si, A typical example is presented 
of rape 3, in which cumulative distributions 
sr, Un intervals between successive re- 
Ses are plotted for two sessions. The Si 
2900) appeared whenever the animal waited 
wa gent responding, and was terminated 
Suo Di 10 sec. ater if the avoidance re- 
ively did not intervene. By session 27 a m 
a Me dir aere state had been reached in mew 
nee a mately 60 to 65 per cent of the "n A 
Hii, ree occurred in the presence of t s 
Shonse, Only 25 to 30 per cent of the T 
stimuls ere emitted. in the absence of the 
by or han lhe difference may be accentuated 
Ming from consideration the large pro- 


CAT MS-3 


WARNING SIGNAL 


RATE (RESPONSES PER MINUTE } 


No LN P 
aL WARNI " -o 
SIONAL re 
E E | 
m S — 
* 4 3 e oe a 
SESSIONS 


Etec of the warning signal upon the response 


V5, interval was 15 sec. and the R-S» inter 


a) sex 


RATE (RSP/MIN) 
PERCENT OF STIMULI 
DISCRIMINATE D 


SESSIONS 


Fic. 2. Effect of the warning signal upon response 
rate and percentage of stimuli discriminated. Warning 
signal present only during sessions 2 to 10. 


100 
TONE 


T 
[oer 
(SESSION 27 ONLY) 


80 


GREATER THAN L 
5 a 
o $ 


PERCENT OF TIME INTERVALS 
w 
ò 


CAT MS-I 


——— 
o? 6 0 4 18 22 26 30 
L (INTER-RESPONSE TIME INTERVAL —- SECONDS) 


. 3. Cumulative distribution (per cent) of inter 
response times with and without the warning signal. 


portion of responses separated by intervals 
of 2 sec. or less. These rapid bursts of responses, 
reported. previously (13), are typical and un- 
explained. 

The distribution of responses in time w 
quite different when the warning signal was 
omitted in the following session. That portion 
of the distribution preceding the 20-sec. in- 
terval displayed a steeper slope, while no dis- 
continuity was apparent between 20 and 30 
sec, The majority of responses were separated 
by 20 sec. or less, as contrasted to the preced- 
ig session in which the majority of inter- 
intervals fell between 20 and 30 sec. 
signal was omitted, after 


ing 
response ; 

When the warning 
extended discrimination training, the distribu- 
of inter-response times for all cats as- 
same form as that shown in the 
ion 28, ligure 3. The relatively 


tion 
sumed the 


curve for s : | 
low proportion of short inter 
has been interpreted. previously (13) as a 
temporal disc rimination. In the case of the 
cats, however, the precision of this time dis- 


sponse times 


100 Le Sg 
c M 
E 
80 
Ee 
zz 7 
gS 
Ey x 
5E 4 
be 30 
2S 
S æ RAT D-IT 
= 10 
Lj LLL —! L p 1 L 
o ? 4 6 e LJ] nR 4 16 18 20 
LNTER-RESPONSE TIME INTERVAL-- SECONDS) 
Fic. 6. Cumulative distributions of inter-response 
times after a temporal discrimination has been strongl. 


established. The stimulus was introduced at EE 
(solid curve) and at 10 sec. (broken curve). 


100 


t 
E 
S 


RAT D-I7 


e—o WITH WARNING STIMULUS 
e— WITHOUT WARNING STIMULUS 


PERCENT OF TIME INTERVALS 
GREATER THAN 


o 4 8 2 16 20 24 28 32 36 40 


1 (INTER-RESPONSE TIME INTERVAL - -- SECONDS) 

. Cumulative distributions of inter-response 
times after establishment of a temporal discrimination. 
R-S 40 sec, The dashed curve illustrates the change 
resulting from introduction of the warning signal at 


Fic 


35 sec 


appeared during 28 hr. of training without the 
stimulus, and the final distribution is shown 
for session 32. 

These data are sufficient to demonstrate two 
points: (a) the stimulus and time discrimina- 
lions are separate phenomena, as indicated 
by their differential rates of acquisition, and 
(b) in its early stages, the formation of the 
linked with the presence 
us. This is indicated by 
the absence of the temporal disc rimination 
during the 91 hr. prior to introduction of the 
sions 1 to 13), by its failure to 
y in the absence of the 


time discrimination is 
of the warning stimu 


stimulus (s 
maintain itself initial 
stimulus (sessions 15 and 16), and its lack of 
improvement after the stimulus was with- 
drawn (sessions 29 to 32) in spite of its rapid 
in the immediately preceding 


development 
hours (sessions 23 to 28). 

The degree of control exerc ised by 
veral ways 


the time 


discrimination. was checked in se 
First, the stimulus proc edure 


with one animal. 
R-S; interval of 15 sec. 


was reinstated with an 


MURRAY 


SIDMAN 


This produced no change in the inter-response 
time distribution. When the R-Si interval was 
changed to 18 sec., again no difference was 
observable. The R-S, interval was then changed 
to 10 sec., with the results illustrated in Figure 
6. The difference between the curves, approx 
mating the maximum intersession variability 
for this animal, are so slight as to demonstrate 
further the resistance of the time discrimina- 
tion to control by the stimulus that generated 
it. After this determination, the stimulus was 
again removed and the R-S} interval change 
from 20 to 40 sec. The new distribution, after 
35 more hours of training, appears in the solic 
curve of Figure 7. With the longer R-S: "m 
terval, the animal's timing was much more 
variable, as shown by the more gradual slope 


of the curve from 16 to 40 sec. When the sum- 
is less pre's? 


ulus was 
much 


temporal discrimination, : 
more pronounced (Fig. 7, broken curve). v 
ever, the stimulus effect was still not powerlt 
enough to produce the sharp control observe 
in the cats (Fig. 3) or in the sarlier stages R 
the stimulus procedure with the rats (Fig. ^ 
session 28). 


DISCUSSION 
The Stimulus Discrimination 


that 


suggest 
€ 0 


Mowrer and Lamoreaux (8) 
a : cmm 
avoidance responses appear 1n the aem 
ag 4 seg tud 

S, because of generalization of fear from 5 


f ape : » phe 

tion with Si? to "situation without 9t. i. 
; p T" 

eventual decline. of such 


"extra" OT 
responses (7, 8) is held 10 
they do not accomplish any 
they produce no 


taneous” 
because 
reduction, 1 
“situation without Si” 

The present experime 
effects of the signal against a base 
discriminated avoidance behavior, Suse pi 
different approach to the discriminate? jd- 
cess. The existence of nondiscriminatec * ob» 
ance responses prior to introduction in 
warning signal indicates that responses rce í 
of S, possess an independent 2n » 
It is not sufficient simp” of 
a nonreinfore ed product 


change 


"nm 
; de strating 
nts, demonst 27 att" 


line of ™ 
gue 


absence 
reinforcement. 
them 
neralization. 

this 


consider 
stimulus ge 

Identification. of 
yerimental situation, 
Hefferline (2); was later 


reinforcement: 
if was 1 M * 
specific ex] 


gested by 
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in detail by Winnick (16); and was generalized 
lo all avoidance situations by Schoenfeld (9). 
The latter’s formulation points out that non- 
avoidance behavior may become aversive 
through a Pavlovian process of close pairings 
With shock; that the avoidance response is 
never closely paired with shock and is, there- 
fore, the least aversive of all the organism’s 
behavior; and finally, that the avoidance re- 
Sponse is reinforced in an operant fashion 
(14) by terminating an aversive sample of 
Nonavoidance behavior. 

According to this formulation, an avoidance 
response in the absence of Sı does change the 
Situation, in that other ongoing behavior is 
terminated and replaced by a less aversive 
condition, With respect to the decline of 
Ge i responding in the absence of Sı, 

relevant question becomes, “Why is the 
termination of nonavoidance behavior no 
nger reinforcing?” 
NS answer may be found in the 'avlovian 
Scrimination that follows upon introduction 


OL The wane 4 i ; 
is the „Warning stimulus. Nonavoidance be- 
oF ^w is paired with shock only in the presence 


" 1, Never in its absence. When not in com- 

DU "ü ` A . x 

br Ind with S}, such behavior loses its aversive 
Opertiec H A " = 

: Perties, and its termination no longer rein- 
rees the 


i avoidance response. 
n 


Ti to the decreased probability of 
lieten in the absence of Sı, there occurs an 
TS probability in the presence of the 
avida has been suggested that the signal 
tion (ye a more discriminable aversive fr 
amon and that its termination adds an extra 
iSe ^ reinforcement for the avoidance 
Preraiio (9). Strong evidence for this inter- 
Stating Is provided by experiments demon- 
iia nere rapid acquisition of a sinet 
lermin; avoidance response when the latter 
Moce, ates S, than in a trace-conditioning 
êy, dure (7. 8). Such an explanation, how- 
xoblem. If 5; pro- 
the 


€r, pais "n 
"ides raises an additional , 
si 5 an additional aversive element in 

"lion, it may be asked why the frequent 


Ceu s : 
hegre signal is not sulli- 


Vien, DCC of the warning 


to maintain the aversive properties of 
rat it does not do 
v the low 
; the 


hi 
Davos; 
* € H . Hp 
šo "dance behavior. ‘I 


Og $i " 5 $ 
Droh; d great extent is indicated b h 
abisen ity of the avoidance response 1n 

Sence of ¢ 
rra ; [ ion between 
the ional evidence of the relation betwee! 

Wes s E us Š 

Present data and that obtained by means 


449 


of other avoidance conditioning procedures 
comes from a study by Kamin (3), who in- 
vestigated the effects of the 5;-5« interval with 
a trace-conditioning procedure. He found a 
slower acquisition rate during the S-S; in- 
terval as a function of increasing S-S; in- 
tervals. At long interve then, the response 
effective in postponing the shock was not 
under the discriminative control of Sj, and 
the procedure became very similar to the non- 
discriminated avoidance technique used here. 
The increasing rate of “spontaneous” responses 
as a function of increasing S-S; intervals, as 
observed by Kamin, is thus consistent with 
the analysis proposed above. 


The Time Discrimination 

Animals trained with the nondiscriminated 
avoidance procedure typically form a poorly 
developed time discrimination (13). Since non- 
avoidance behavior emitted just after a re- 
sponse or a shock never produces an imme- 
diate shock, behavior occurring at such times 
becomes less aversive. Avoidance responses 
and shocks initiate "safe period during 
which the probability of an avoidance re- 
sponse is relatively low. The present data 
raise the problem of how the warning signal 
functions to increase the duration and per- 
sistence of the safe period to the point where 
it maintains itself even after the signal is no 


longer presented. 

Two observations lower the validity of any 
explanation based only on the data at hand. 
The first of these is the superior performance 
by the rats, as compared with the cats. with 
respect to the temporal discrimination, a 
difference opposite that expected on the bas 
of the evolutionary level of the two species. 
The second is the resistance to stimulus 
manipulation displayed by the well-established 
temporal discrimination in the rats. One pos- 
sible effect of the warning signal is, however, 


worth noting. 
When the stimulus discrimination ts well 


formed, the majority of avoidance responses 
are accompanied by termination of the signal. 
Presumably the combination of the two events 


provides a more discriminable and longer 
lasting. stimulus ("trace") during the safe 


than does the response alone. In the 
case of a light-sensitive animal such as the 
ut (4), it is possible that the aftereffect 


period 


white ra 
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of even a dim flashing light is greater than that 
of other stimuli. Once a prolonged safe period 
has been set up on the basis of such stimulus 
aftereffects, whatever "clock" mechanism the 
animal simultaneously develops, be it be- 
havioral (15) or physiological, has an oppor- 
tunity to take over the discrimination alone 
when the warning signal is removed. With this 
formulation, several lines of future inquiry are 
evident. 


SUMMARY 


Using white rats and cats as Ss, avoidance 
behavior was conditioned with a procedure 
that does not involve an exteroceptive warn- 
ing stimulus. The rate and temporal distribu- 
tion of the nondiscriminated avoidance re- 
sponses were used as base lines from which 
to observe changes resulting from the intro- 
duction of an exteroceptive warning signal 
prior to each shock. 

In the discrimination procedure, the proba- 
bility of occurrence of the avoidance response 
increases in the presence of the warning signal 
and decreases in its absence. In addition, in the 
case of the rats at least, the discriminated 
avoidance procedure facilitates development of 
a temporal discrimination. This discrimination 
eventually acquires a degree of control over the 
behavior which, under some conditions, may 
actually surpass that exercised by the stimulus. 

The changes in rate and temporal distribu- 
tion observed in discriminated avoidance be- 
havior were discussed in terms of a Pavlovian 
discrimination. Nonavoidance behavior in the 
ignal loses its aversive proper- 


absence of the s 
ties and is able to compete successfully with 
the avoidance response except when the signal 
is present. 

Facilitation of the time discrimination by 
the warning signal was tentatively attributed 


to discriminable temporal properties of the 
stimulus. 
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THE EFFECT OF A RACHITOGENIC DIET ON THE HOARDING 
BEHAVIOR OF RATS! 


NATHAN B. GROSS, ALVIN H. FISHER, axb VICTOR H. COHN, Jr. 


Lehigh University 


In a former study (1) the hoarding behavior 

of rats was measured before and after they had 
been placed on a vitamin-B deficient diet for 
30 days. During each test the animals were 
Presented with both normal and vitamin-B 
deficient pellets. After the deprivation period 
the rats hoarded significantly greater percent- 
ges of the normal pellets than they had before 
the deprivation period. It was also demon- 
Strated that after the animals had been re- 
tumed to a normal diet and retested, they 
arded about the same percentages of normal 
and Vilamin-B deficient pellets as they had 
during the predeprivation tests and signifi- 
tantly smaller percentages of normal pellets 
than they had on the postdeprivation tests. 
: It was the purpose of the present experiment 
° Study the hoarding behavior of rats before 
and after they had been placed on a rachito- 
Benice diet, The plan of the experiment was 
Similar to that of the former study. 


J METHOD 

3 ubj eels 

ud eee five male and female Syst ii es 

animak male and female hooded mats ieee dee 

on Mies between 32 and 45 days old when pk 
chitogenic dict. 


Abparatus 


LA "pparatus used in these. experiments is 
Y the same as that used in the former study a m 

Ving fae nine screen-covered alle each rege 

ie cage at one end and a food bin at the other. 

the Compartment contains one type of pellet used in 

Preve Periment, The end of the food bin is closed off to 


Consi. 


^n is divided into two equal parts by a partition. 


escape of the animal. 


‘Ame Pellets (actually small discs? were made with the 
Were PParatus used in the former experiment and 
Ni EP broximately the same size (34 in. in. diameter 

: iverage weight of the normal 


s 5 T. 
Deja S s thick). The 


S wa ^ . nic pellets. 
lo Um Vas 2.0 gm, and that of the rachitogenic pellet 


orm 


Dog (s g ground Purina 


i il pellets were made by mixing x 

1 UN Checkers with milk sugar and water. fA 
n 

TNT TENE Na wc 
Wan, p SE experin ‘nts were maile possible through 
snnt " vent e 


Uni, Ia i DR T ‘high 
his il from the Institute of Research. Lehig 
rsity 
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rachitogenic pellets were made with similar proportions 
of diet, milk-sugar, and water. The rachitogenic diet, 
mixed according to USP specifications, consisted of 76 
per cent ground whole yellow corn, 20 per cent ground 
gluten, 3 per cent calcium carbonate, and 1 per cent 
sodium chloride. 


Procedure 


All animals were fed exclusively on Purina Rabbit 
Chow or Purina Dog Chow Checkers from the time they 
were weaned until they were used in the experiment. 
Before the predeficiency tests, the animals were placed 
in the apparatus from two to seven days to permit them 
to adjust to the new situation and to explore the alley. 
During this period they were provided with an excess 
of Rabbit Chow or Chow Checkers in their living cage 
during the late afternoon and night, but the food was 
removed for about 7 hr. during the day. This practice 
of removing all food for about 7 hr. during the day was 
continued in all hoarding tests. 

Before the animals were placed on the deficient diet 
they were tested daily for six to seven days. During 
each test period the animals were permitted to hoard 
both types of pellets for 30 min., after which the food 
bins were removed. The animals were permitted to cat 
from the pellets they hoarded for about 20 min., after 
which the hoarded pellets were removed from the living 
and Rabbit Chow or Chow Checkers provided, as 


cage 
indicated above. Throughout the hoarding t the 
positions of the normal and deficient pellets were 


changed in the food bins according to a chance sequence 
to avoid the influence of position habit on the choice of 
the pellets hoarded. : 

Animals were placed on the deficient diet for pre- 
scribed periods of time and then given daily postdefi- 
ciency tests for six to seven days. Additional tests were 
run on animals returned to the normal diet after they 
had been on the deficient diet. 


Statistical Treatment of the Data 


The statistical techniques used in the present study 
are identical with those reported in the former study 
(1, 3). The percentage of normal pellets hoarded wa 
determined for each hoarding-test period. These per- 
centages were then transformed to telas, and the sig- 
nificance of the diference of dichotomous proportions 
inormal vs. deficient? pellets was determined for the 
following: (a) the difference between the percentages of 
normal pellets hoarded during the predeficiency period 
ag the postdeticiency tests; (b) the diference 


and durir r, 
between the percentages of normal pellets hoarded 
during the predeficiency tests and the tests following 
the return to the normal diet; and (6) the difference 
between the percentages of normal pellets hoarded dur 

s following the 


ing the postdeticieney tests and the tes 
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return to the normal diet. A p beyond the 001 level is 
regarded as significant. 
RESULTS 

Experiment T 

Four animals (litter A) were weaned on 
Rabbit Chow and tested. The animals were 
then fed the deficient diet for 20 days and re- 
tested. No S hoarded significantly greater 
percentages of normal pellets than it had on 
the predeficiency tests (animals no. 1 to 4, 
Table 1). Animal no. 4 hoarded significantly 
more deficient pellets during the postdeficiency 
tests. 


Experiment IT 

Four animals (litter B) were weaned on 
Rabbit Chow and tested. The animals were 
then fed the deficient diet for 31 days and re- 
tested. Animals no. 5 and 6 (Table 1) hoarded 
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7 hoarded significantly more deficient pellets, 
and animal no. 8 showed no change in its 
hoarding behavior. 


Experiment III 

Twelve animals (litters C, D, and E) were 
weaned on Rabbit Chow and tested. The 
animals were then fed the deficient diet for 40 
days and retested. Eleven of the 12 rats 
hoarded significantly greater percentages ol 
normal pellets than during the predeficiency 
tests (animals no. 9 to 14 and 16 to 20, Table 
1). Examination of the daily records of the 
remaining animal (no. 15) revealed that from 
the third to the seventh hoarding tests 1! 
chose normal pellets 100 per cent of the time. 
On these five hoarding tests the animal showec 
the same preference as the other 11 animals. j 

After the postdeficiency tests the animals 
were given a special mixed-pellet test for which 
the partition was removed from the food bin 


significantly greater percentages of normal seat 
M ok É n . : : - on 
pellets than in the control period. Animal no. and both kinds of pellets intermingled. Eg 
TABLE 1 
Results obtained from Experiments LHI : "— 
Lir = litter; An = animal; Tst = hoarding tests; Pre = predeficiency hoarding; D = number ol i PE 
B-diet; RN = hoarding after return to normal diet; V. = number of normal pellets hoarded; 77. = total nt 
ber of pellets hoarded; , = per cent normal pellets hoarded. 
Experiment 1 Experiment IH Experiment HI 
Die Ao Tat, Xi TL ~“ Lu Ae “Teh NE Th X D& Aw fée Ni TH 7 
A Y Pre 103 212 49 C 9 Pre 116 235 49 E 15 Pre 113 24 2 
20D 137 268 51I 40D 221 240 92 Jop, 115 199 P 
RN 175 281 62 RN 24 450 © 
2 pue 1601 299 j 
s 465 26 
20D 214 413 10. Pre 105 158 606 10 Pre 26 100 ^n 
40D. 87 88 99 40D 250 279 p 
3 Pre 148 224 00 Bw Tet m6 OF EN. 838 241 79 
20D: 223 3/5 .59 : 27 
it Pre 109 24 45 17 pe 30 110 o0 
4 Pre 191 309 62 40D 178 178 100 40D 220 a 71 
20D 168 341 49 RN 277 396 70 RN 13 ? 
Experiment H 
c NR x 1 5 = x9 38 
B 5 Pre 100 317 I 12 Pre 87 156 56 18 Pre 115 31 0l 
31D 176 246 40D 193 277 70 40D. 305 7. wp 
RN IR 1484 77 RN Oi Me 
E 1 wo 15 
6 Pre M5 192 60 13 Pre 56 165 35 Wome 3i ogi 
31D 12 157 80 40D 260 293 89 430D 113 5 d 
RN 188 304 02 RN 140 2 
7 Pre 167 258 05 See ee Tel 
"Grp 179 355 50 14 Pre 28 59 47 3b Pre. Tet II) oq) 
40D 197 208 95 40D Sd jj 80 
& Pre 151 300 50 RN 165 199 83 RN 240 4 
iD 262 472 56 
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EXPERIMENT IZ 


EXPERIMENTAL GROUP 


[9] 20 40 60 80 100 


CONTROL GROUP 
[*] 20 40 60 80 100 


Rant. penche Se het ANT 
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s om 8 
28 

H 3| H 
32 
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Ld. 


PRE DEF [ 1] 
4o-py DEP MEN 


RTRN. NRML 


Li 


e= ] M 
cont litter; Pre def. = hoarding tes! 
ani tol; 4U-Dy, Dep. = hoarding tests 
animals he x 

Mals had been returned to the normal diet. 


T Jen animals which had hoarded 90 per 
dii more normal pellets at the end of the 
Möre m period, Yoarded 79 per cent or 
bun o pellets during these tests. The 
ence tended to be preserved. 
ene the mixed-pellet tests the animals were 
o 86 cu to the normal diet for periods of 56 
occa K ays. During this period the animals were 
oe given free access to small dishes of 
Vae ud oil. Eight of the 12 animals now 
tee significantly smaller percentages of 
ts p pellets than during the postdeficiency 
8 (animals no. 9, 11, 13, 14, 16, 17, 19; and 
^ The remaining four animals continued to 
Mine Md the same percentages of normal 
ests Pen they had during the postdeficiency 
Rreater en of the 12 animals, however, hoarded 
Jad DETGSABES of normal pellets than they 
uring the predetic lency tests (animals no. 


ho, 


Fic. 1, Per cent normal pellets hoarded for the experimenta 
; before the animals were placed on the deficient diet; Par. cntrl 
after being fed the rachitogenic diet; Rirn. nrml 
Hoarding scores are included in Table 1. 


Los p pu aT 


x - 
PERCENT NORMAL PELLETS HOARDED 


[LLL] PAR CNTRL 
(LLIIPAR cnr 
(LLIlPAR cntRe 


il and control animals of experiment IV. -tx 


animal; 
parallel 
hoarding tests after the 


10 to 14 and 16 to 20), and the remaining 2 
animals hoarded about the same percentages of 
normal pellets as during the predeficiency tests 
(no. 9 and 15). 


Experiment IV 

Thirteen animals (litters F, G, and H) were 
weaned on Purina Dog Chow Checkers instead 
of the Rabbit Chow. Each litter was divided 
into an experimental and control group. After 
the predeticiency tests, the animals in the ex- 
perimental group were fed the rachitogenic 
diet for 40 days, while the animals in the con- 
trol group continued on the Chow Checker 
diet, The data obtained from the 13 animals 
are presented in Figure 1. 

All six animals in the experimental group 
hoarded significantly greater percentages of 
normal pellets at the end of the deficiency 
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period than they had during the predeficiency 
tests (animals no. 21, 22, 25, 26, 29, and 30). 
On the other hand, the animals in the control 
group hoarded approximately the same per- 
centages of normal pellets as they had during 
the first hoarding tests (animals no. 23, 27, 28, 
31, 32, and 33). There was no significant change 
in their behavior. Animal no. 24 hoarded a sig- 
nificantly smaller percentage of normal pellets 
than it had during the first hoarding tests. 
After the postdeficiency tests the animals of 
the experimental group were fed Chow Check- 
ers supplemented with cod-liver oil for 120 
days and then retested. All six animals now 
hoarded significantly smaller percentages of 
normal pellets than during the postdeficiency 
tests (no. 21, 22, 25, 26, 29, and 30). Of the 
seven control animals, three showed no sig- 
nificant change in their hoarding behavior (no. 
24, 27, and 33). Two hoarded significantly 
greater percentages of normal pellets than they 
had during the postdeficiency tests (no. 31 and 
32). Two animals hoarded significantly smaller 
percentages of normal pellets than they had 
during the postdeficiency tests (no. 23 and 28). 
When the percentages of normal pellets 
hoarded at the end of the predeficiency tests 
were compared with those of the tests 120 days 
or more after the first predeficiency test, the 
following results were obtained: Four of the 
six experimental animals now hoarded about 
the same percentages of normal pellets as they 
had during the predeficiency tests (no. 21, 25, 
29, and 30). Two animals hoarded significantly 
smaller percentages than they had during the 
predeficiency tests (no. 22 and 26), Five ani- 
mals of the control group hoarded about the 
same percentages of normal pellets as they 
had during the predeticiency tests (no. 27, 
and 31, 32, and 33). Animals no. 24 and 28 
hoarded significantly smaller percentages of 
normal pellets than they had during the pre- 
deficiency tests. No animal in either the experi- 
mental or control groups hoarded significantly 


greater percentages of normal pellets at the 
end of the experiment as compared with the 
predeficiency tests. 


Deficiency Svm ploms 
Comparison of the members of the experi- 
control animals of experiment IV 


mental and expel | 
the 40-day deprivation period 


at the end of 


FISHER AND V. H. 
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showed the following differences. The weight 
of the experimental group was about 55 per 
cent of that of the control group. The animals 
were undersized and their fur shaggy. Most 
animals showed weakness in their hind legs. 
These symptoms were also typical of the ant- 
mals in experiment IIT which were also fed the 
deficient diet for 40 days. 

After the rachitogenic animals were fed the 
normal diet, supplemented with cod-liver oil, 
their weight increased and the physical symp- 
toms tended to disappear. The weight of the 
experimental animals of experiment IV now 
rose to 86 per cent of the weight of the control 
animals. 


DISCUSSION 

Under the present experimental conditions it 
has been demonstrated that 16 of 17 animals 
placed on a rachitogenic diet for 40 days 
hoarded significantly greater percentages 9 
normal pellets than on the predeficiency tests, 
while the animals in the control groups show 


no significant change in their hoarding Pe 
havior. Only 2 of 4 animals fed the e 
diet for 31 days and not one of + animals Ie 


the deficient. diet for 20 days showed a sig 
nificant change in their hoarding behavior 
Feeding the animals a normal diet supple 
mented with cod-liver oil tended to reverse ies 
hoarding behavior. No general statement uel 
be made regarding the comparison of the PE 
centages of normal pellets hoarded after P à 
animals were returned to the normal diet t. 
the percentages of normal pellets hoart ma 
during the predeficiency tests, since there W 

no consistent trend in the data. 


prob 


Other investigators studying the same ith 
‘ Air 
lem have used short periods of deprivatio! ; 
eser 


)btained in the pr^. 
z of depriV* 
ya maz 


results similar to those « 
experiment for the 20 and 31 days 0 
tion. Wilder (4) tested young rats !! na 
situation before and after placing them = i 
rachitogenic diet for 9 to 35 days and To laris 
significant change in their behavior. | nd 
ef al. (2) mention that they st udied the 4 zy 
-selection technique PU 

Young | 
technic 
ter? 


tion using the free 
obtained negative results. Finally. 
Wittenborn (5) used the preference r 
and failed to find a change in behavior ig 
days of deprivation. None of the invest. 


B e tanran 9 
cited above used periods of deprivat 


EI 


days, thus preventing further comparisons 
with the present experiment. The length of the 
deprivation period appears to be critical. 

The results obtained in the experiment are in 
agreement with those obtained in the vita- 
min-B deficiency study (1). Animals which had 
been deprived of vitamin B for 40 days hoarded 
Significantly greater percentages of normal 
pellets at the end of the deprivation period 
than during the predeficiency tests. Feeding 
the animals a normal diet supplemented with 
the deficient vitamin changed the hoarding be- 
lavior, making it similar to that of the prede- 
ficiency tests. The animals now hoarded about 
the same, or lower, percentages of normal 
Pellets, as during the predeficiency tests. 


SUMMARY 

Young hooded and white rats of both sexes 
Were tested in a hoarding situation before and 
after being fed a rachitogenic diet for various 
"ngths of time, Short periods of deprivation 
(20 days) produced no preference for normal 
Pellets in 4 animals, Longer period of depriva- 
€ (31 days) produced a preference for nor- 
pellets in 2 out of 4 animals; however, 
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deprivation for longer periods of time (40 days) 
produced preference for normal pellets in 17 
out of 18 animals. The preference was retained 
when the position of the normal pellets was 
changed, and when the two types of pellets 
were mixed in a common bin. Feeding the 
animals a normal diet after the deprivation 
period resulted in a reduction of the percent- 
ages of normal pellets hoarded as compared 
with those hoarded during the postdeficiency 
tests. 
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EFFECTS OF HYPOPHYS 


Ill. THERMOREGULATORY BEHAVIOR! 


CALVIN P. STONE axb WILLIAM A. MASON 


‘TOMY ON BEHAVIOR IN 


RATS: 


Stanford 


Thermal homeostasis in a warm-blooded ani- 
mal. such as the rat, is achieved through effec- 
tive regulation of heat production, absorption, 
and conservation (2). To a large extent, pro- 
duction is controlled by hormones of the thy- 
roid and the adrenal cortex, both of which are 
under hormonal influence from the anterior 
lobe of the hypophysis. Thus, loss of the hy- 
pophysis is followed by some loss in the animal's 
ability to adjust to the lower ranges of tem- 
peratures encountered in the laboratory or its 
native habitat (5, 6, 7, 8, 10). 

If the drop in environmental temperature is 
neither large nor precipitous, a hypophysecto- 
mized rat may preserve its life and maintain a 
fair degree of vigor by effective utilization of 
mechanisms within its reper- 
imple, huddling or lying be- 
'at absorption; 


compensation 
toire (10). For 
side warm objects facilitates h 
horripilation and “balling up" so as to cover 
hairless regions of the body reduces radiation: 
construction from insulating. mate- 


and nest 
rials, when available, effectively conserv the 
heat of one individual or several rats encapsu- 


latec 
In 


by the nest. 

the present experiments. two types of 
compensatory adjustment by hypophysecto- 
mized rats were investigated: (a) nesting at 
various temperatures within the ranges ordi- 
y found ina colony room, and (5) preferen- 
tial responses to contrasting temperatures in a 
runway that permits complete freedom of 
movement between relatively warm and rela- 
y cool locations. 


nari 


tive 


NEST CONSTRUCTION BY MALE RATS 


Method 


Two experiments on nesting by albino rats will be 
In the first, 18 hypophysectomized and 19 
the Sprague Dawley strain were 
were 


reported 
like age controls. of 
Operations? were performed when they 
and the 10-day test. period embraced the age 


used 
days old, 

1 Financial support for this investigation was pre 
the National Science. Foundation (NSF OG 


vided bs 


M A 
2 Hypol yhysectomy performed 


Chicago. HI 


by the Hormone 


ASSUM Laboratories. 


University 


span of 51 to 60 days. On day 1 the operates averaged 
89 gm. and the controls, 167 gm., in weight. Very little 
change occurred in the mean of the hypophysectomites: 
but that of the controls increased at the usual rate for 
this strain of rats. 

During nesting tests all animals were 
housed in wire mesh cages with metal floors 
in inches, 24 by 18 by 12). Thirty-two of these 
were enclosed in plywood boxe by 31 by 31 in., 
to the box and so spaced that air circulated freely 
within them. The plywood boxes formed a circle about 
a heater by means of which the upper ranges of temper 
aintained as demanded by the therr 
is provided with a small 


individually 
(dimensions 
cages 
four 


tures could be 
schedule. Each ph 
blower that directs room air into the chamber; ¢ 
ar are small holes that provide a ventilating 
by these boxes. s 
ble influence of the ply 


r 
Five cages were not enclosed 
served as a check on the [x M 
Around the entire setup was placed a heavy 
daylight ant ad 
ns in heat; lor 
mperature: 
thereby 
to as 
> No 


wood bos 
canvas tent which tended to dim the 
air currents and diurnal variations 
To obtain the lower ranges of te 
windows of the building were opened at night. 
causing temperature within the tent gradually 
sume the outdoor temperatures of 58° to 65? F- 
for precipitous lowering of temperature? 

or nighttime was available in this labora 


equalize 
all the S 


provision 
during day 
tory. 
The cages were supplied daily with water. 
salt cake, and a fresh supply of food consistin, 
following: ground horse meat, McCollum 
(finely ground wheat, oats and yellow corn; 
whole milk, casein, CaCos, and NaCl), orange. 
and carrot. The nesting materials consisted of a 
laver of wood shavings spread evenly over the m 
floor and. covered. by approximately 60 gm. 
shredded newspaper. This amount of paper. 
properly arranged in a corner of the cage and supp“ 
by shavings. enabled the rat to encapsulate 15 
pletely, as many of them actually did. 

Cages for operates and controls were 
inside the tent that li 
groups. During the day (8 A.M 
peratures varied from about 7 
at midafternoon. The night tempe 


test nights were made to approximate the 
varying schedule: 60°, 76°, 80°. 


60°, 88°, 88°, 
84°. and OF F Each evening at approximately 
the cages were inspected. If any nesting had taken 
during the day. the shavings and paper were di$ 
over the floor of the cage to insure that 
farted from a common base. On the fol 
at 8 AM., the nests were independent! `, 
py three investi& ors previously trained in using ‘eth 
adaptation of the Stone Walker (11) rating scale giy 
able 1. Room temperature was then brought (qui^ * 


in T: 
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Morton? 
g of the 
mixture 
powdere 
lettuce 
tgi: 
retal 


ributed 
«d by both 


ent ten 
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so dist 


to ; 
^ in the morning tc 
ratures on 3 
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evenly 
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morning. 
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TABLE 1 
ale for Rating Nests Built by White Rats 
ution of Scale Used by Stone & Walker I) 


Ring Characteristics 
0—N, —— — 
No nest No movement of paper and shav- 
Trace of nest Less than !4 of paper moved to 
2— Poor os ? form ring or low platform 
Bt Nest is not compact, uncovered, 
25. and less than ! » of paper used 
Same as 2 except '2 or slightly 
35—Tair nos more of the paper used 
ie Nest is compact. uncovered, and 
35 most of the paper is used 
Amount of paper used somewhere 
between a 2 and a 3, but the nest 
4 is covered 


Goc 
xl nes x 
| nest Nest is covered, and compact. not 


scattered; most of the paper 

45 used 

Same as 4 except some of the shav- 
ings are used 

Nest is covered, all pape 
and all the shavings swept up 


around the base 


Exce 
Ncellent nest r used, 


Withi 
ndlevso r ; 
leat, the daytime range by cooling or by 


he uns pels were completely destroy’ 
Por ince completed. ‘ tag ecb re 
ley st second series of tests 25 males of the Sprague 
lomized ; rain were used. Of these 12 were hypophysec- 
trols, T the age of 35 da xd the others were con- 
lose db mean weights were slightly higher jen 
Derates the first group. The chronological age of the 
berates and 6 of the controls was 78 days at the begin- 
ng controls were 
ed ina light-and 
ng and heat 
scribed 


supplemental 
ed soon alter 


ys, ar 


ing oe 
! rond d nesting tests; the remaini 
Sounqpy, T These animals were housed i 
lg Ub room equipped with refrigerati! 
aboye ds Metal cages identical with those d 
hat Mie ad Tor housing and were 50 distr ues 
of the Bi differences in temperature in different € Fue 
Adi E were shared alike by both group om 
Within i E P.M. the room temperature was maintaine 
ion Wu range of 75° to 80? F. At 4 pat, the refrigera 
lemperat Was) acii uted, thereby droppi g the room 
It ene quickly to the level of 50 to 60 F., where 
Sby ained throughout the night. Lights were off from 
< to 8 AM., but on during the rest of the day. -\t 
sstigators rated the 
iment. 
for in 


ned 


8 oe! 

ene each morning three inv 
Tu DER dent. as in the preceding. exp 
that tj study ran for only four consecutive day 
elite it was apparent that the more elaborate 
tition: of environmental stimuli (light, sound, rela- 
ili DIARI aap ant did not vield results that 
ex ed ssentially from Rest 

beriment. 


those obtained in the 


Results from First Nesting Study 


Vigure 1 graphically presents the means of 
he three daily rangs for the ten-day period. 
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The fact that many good nests were built on 
the first night is noteworthy, since none of 
these animals had ever been isolated with 
nesting materials prior to this time. Although a 
rating of 5 was possible, provided the rat used 
all the paper to encapsulate itself and also 
moved the shavings up around the base of the 
nest, none of the rats in this study ever ob- 
tained that rating. Only rarely, in our experi- 
ence, do males move both the shavings and 
paper as is done by parturient females (11). 
Comparatively speaking, the hypophysecto- 
mites tended to build bigger nests and to en- 
capsulate themselves more frequently than the 
controls when temperatures were below the 
normal, daytime ranges, and both groups re- 
frained from elaborate nest construction when 
room temperature was very high. These results 
support the supposition that nest construction 
and utilization are heat conservative behavior 
and that when heat production is lessened, as 
in the hypophysectomized rats, a greater 
amount of nest utilization is evoked (4, 5, 6, 3. 
8, 10). Fewer operates sat upon a nest mound, 
where a large amount of the body is exposed, 
than was the case with the controls. Figure 2 
shows a typical nest (rated 4.5) made by a 
hypophysectomite when the night temperature 
dropped to 60° F. Beside it is shown the floor of 
this rat's cage one day later when night tem- 
perature Was held at 88°. At the rear of the 
cage (most distant from the heater), the ani- 
mal had swept the shavings from the metal 
in this poorly insulated locale it spent 


floor; 


much of its time. In the latter case the behavior 
rather 


was conducive to heat dissemination 


oo" 
E! 6 
DAYS 


Fie. 1. Mean ratings of nests on 10 RTI 
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Fic. 2. At left, nest constructed by hypoph 
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ctomized rat when night temperature was 60°F. 
F. (Rating for left, 475; for right, 0) 
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At right, floor 


of same cage on following day, after night temperature of 88° 


TABLE 2 
Significance of Differences between Means of Nest Ratings 


(AIL Differences Favor Hypophysectomites) 


Day 1 2 5 H 5 6 7 8 9 

Temp. 60° 60° SS SS 76° 80 60° 64° sd or 
Diff. 0.56 0.40 0,32 0.00 2.36 0.42 1.14. 0.88 0.01 0.99 
p UE uL. Bel £401 ».1 «001 «0l >l «.0t 


than retention. Several rats obtained a similar 
result by perching upon the food bin, which 
was made of hardware cloth. 

Table 2 indicates which differences between 
mean ratings of operatesand controls are signif- 
icant. It is evident from the results as a whole 
that the hypophysectomized rats clearly sur- 
passed the controls in nest construction except 
when temperatures were well above the normal, 
daytime range. Noteworthy, however, are a 
few exceptions to this general tendency. Two 
controls consistently equaled the better nesters 
s. No operate, however, was 
as were 


among the operate 
quite as indifferent to the use of paper 
the least active controls. 


periment 


‘The mean rating of nests by the hypophy- 
sectomites for the four-day period was 3.61 and 
that for the controls, 2.89. A T test yielded a 
difference between these ratings 
gressive change 1n 


Results from the Second E 


significant 
001). There was no pre 


(p = 
ratings from the first to the fourth day, al- 
though fluctuations for individuals on suc- 


cessive days were found. 
results from the f! 
harmonious 1n 


On the whole, rst and the 
res] )ect 


second experiment are 


to the characteristic differences between hy- 
pophysectomized and normal rats. The secont 
e additional suppor! 
thermal ac 
visual facto": 


experiment provided som 
for the tacit assumption that the 
tor, as opposed to an auditory or 
responsible for the instigation © 
room was dat 
S were 


is primarily 
nesting in our setup. Here the 


and soundproof during the time nest 


constructed. 

Autopsy records revealed small par 
the hypophysis in four of the first group ant 
iour of the second group. No difference in nes! 
tween these hy?” 
operate? 


ticles" ol 


construction or utilization be 
pituitary animals and the clean-cut 
was seen. 


A COLD LOCALE 


CHOICE OF A WARM VS 


Method 


Here the problem pertains to cl 
as opposed to a cold locale in 
as permit tes à 
inge 


voices of # 
warm a narro" 
runway where freedom of choice w 
At the front of Figure 3 is shown the arra 


Directo" 
cian: 
o 


a We are indebted to Dr. Hadley Kirkman, |” 
of the Anatomy Department, and to his techni 
Miss Marilyn E. Robbins, for inspecting the heads ^ 
ihe hypophysectomites and sectioning susp igu 
king remnants found at the site of the sella 


lool 
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3. At the rear are shown the main pr 
are cloth floor, Plexiglas window at front 


iter fitte to p 
«d to £ while in 


x with a strip h 


yd into place; Varia 
s as they appeare s 


the two ho: 


Oy s placed end-to-end on 


1 
M of two narrow alle on 
rom one to the 


o [ble so that the ol yening f 
“ther is continuous. N the back, dis es 
à ies of the apparatus are shown. Each alley 
S fitted with an electric strip heater: Vatiács 
vite varying the current enter- 
‘ lling heat pro- 
y schedule 
two alleys- 


ing d à means of : 
le heaters, thereby contro 
option as required by a day-to-da 
op thermal values presented m tee ‘ould be 
h Ne temperature within the alley x aly op- 
cad from thermometers standing yet alleys 
piste the heaters and midway ™ pehinda m 
“lexiglas windows enabled £, pe se 
“creen, to follow the movements ? peram 
.. The room in which the study was d with a 
3 Vell insulated and also vas ed tempera- 
uriteration unit by mense r., or any inter- 
€s could be dropped to and the normal 
Mediate value between that anc 


ey mated as the 

"oom temperature. The alley d e samehe 
fo , was allowed 10.8% i 

ld box for the day Wa toon ERE 


ler refri serated 
Mperature of the TENE 
‘ature o È : ord 
Warm | was held at normal room tempera 
JOX Was 


eed value up to 100 
"re or heated to any desired value ul 


thermal preference a 


ts of the e app i en ing 
A mometer with bulb facing opening where strip heater fits; 


, and therr 


that was lined with 
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apparatus: at left, open box showing 


eet aluminum, except on face of heater; at right, rear 
ed to regulate current. Photograph at front illustrates 


F. Thus, the rat could choose between coming 
to rest in a warm alley that approximated or 
exceeded the temperature to which it had pre- 
viously been accustomed and a relatively low 
temperature in the range of 45° to 60° F., 
which we assumed would be too cold for com- 
fort. 

Preliminary trials. The 25 males used in the 
second nesting study were the Ss of the ther- 
mal preference tests. At the first preliminary 
test, the 12 hypophysectomites and 6 controls 
were 46 days old, the other 7 controls, 60 days 
old. The corresponding ages at the first of the 
main preference tests were 66 and 80 days, re- 
spectively. To accustom them to the apparatus, 
two series of preliminary runs were made. In 
the first, the animals were given 20 trials at 
the rate of 2 per day. They were taken from a 
warm room (c. .) in groups of 3 or 4 and 
placed at one end of the apparatus, after which 
they could run about ad libitum during the 2- 
min. period; then they were returned to an 
adjacent warm room. After all rats had a first 
turn, the second round was begun, and finally 
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they were returned to the colony room to await 
further tests on the following day. The starting 
box was varied each day. Frequent readings of 
the thermometers and appropriate adjust- 
ments of the Variac enabled £ to maintain the 
contrasting temperatures at the values indi- 
cated in the upper half of Table 3. For the sec- 
ond series of preliminary tests each exploratory 
period was 5 instead of 2 min. long. In general. 
procedures were like those described for the 
first runs, but the temperature of the warm 
box was always maintained at 75° F., while 
temperatures of the cold box were varied from 
day to day between 45° and 60°, as shown in 
the lower half of Table 3. 

Procedures for tests proper. Prior to beginning 
the experiment proper the rats were divided 
into four subgroups for convenience of han- 
dling. Groups 1-H and 2-H each contained six 
randomly selected hypophysectomized ani- 
mals. Similarly, the controls were divided to 
form subgroups 3-C and 4-C. The testing 
schedule was so arranged that neither group 
began first on two consecutive days, and daily 
testing followed an alternating pattern, i.e., 
x-y-x-y. where x and y represent subgroups of 
the H and C groups. This method was adopted 
in order that variables connected with the time 


TABLE 3 
Schedule for Preliminary Trials 


Day Trial Starting Side Temp. in Left Temp. in Right 


(First series: 2- min. exploratory period) 


1 14:2 LL 50 1-75 
2 3.4 L,I. 70 75 50 

3 & Gi R.R 70-75 88 95 
4 7.8 LI 88-95 70-75 
$ 9, 10 fash 68 70 80 84 
6. H R.R 80 84 68 70 
T pR R.R 45 70-75 
& 15 16 ixl 70 75 45 

9 17.18 R.R 70 75 88 95 
10 19. 20 R.R 70 75 45 


(Second series: 5min. exploratory period 


1 hk 
2 R.R 
E LE 
4 IS 
5 R. 
6 L. 
+ L. 
" R.I 
Ü RR 
10 1... 


TABLE 4 i 
Schedule for Individual Trials 
Day Trial Starting Temp. Temp. Order of Runninz 

Side in Left in Right Subgroups 

i LY RI 1, 3, 204 | 
2 kt LR 3,142 
3 5.6 RE 5 9.4, ud 
4 he. RL W 4,2, 3.1 
3 9,10. Ril 75 3.1,4.2 
6 1,12 GR, 350 1,3, 2.4 
7 (ih RE 15 4,2, 3.1 
§ 15.16 l,R —78 2,4, 1.5 

9 eis TR. et 1,3,2,4 | 
10 19,20 LR — 60 3142 


of day at which testing occurred. would be 
counterbalanced for group: The schedule for 
the final test series is given in Table 4.  , 

On each test one S was placed in the starting 
box in the manner described above for groups 
of three. The lid was closed, temperatures were 
recorded, and the timer was started. The 
after, S's position within the boxes was Ie. 
corded every 30 sec. (or six times) during the ** 
min. observation period. The "score" for the 
test consists of the number of times, in the 55 
observations, S was in the warm box. At the 
end of the test period, temperatures were agat 
recorded and S was removed and returned ie 
its cage outside the room (temp. 70° to ia S 
to await the second trial of the day or return 
the colony room. 

An interval of about 25 min. separated o 
1 and 2. On trial 2, S was placed in the box op” 
posite from that in which it started tra is 
otherwise the procedures were the same. iH 
cept for a period of about 1 hr. or less each day: 
while undergoing the thermal preference te 
all Ss remained in the colony (at 70° to 85 


jals 


e: 


Results 


Results from the thermal preference 
shown in Figure +. Each point on u 
represents the average score for two tr 
dav) of testing. Scores above “3” on the 
nate indicate that the group as a whole 
ed more times in the warm box than rs 

nese 


tests are 
je grap" 
ials (one 
orat 
was 


check 
the cold box except for days 7 and 9. On thes? 
days, as indicated on the abscissa, temper 
s of both boxes were the same. Arbitrarily’ 
avs 7 and 9, number of times checked, *' 
the appropriate times, in the right-hand bo* 
were plotted. M 
Clearly, there is a consistent tendency fof 


HYPOPHYSECTOMY AND BEHAVIOR IN RATS: 
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UTR 
ariance T. E " T 
ince Table for Data from "Thermal Preference Tests 


vari-| P | p 


Some ee den 

Ur Soora 4 | ance 

Bes | IET - 

Becr ErOups 19.07 | 1 19.07]8.55| .01 
cen subjects 49.18 | 22 | 2-38 


Min groups to be checked more times in the 
rm than in the cold box on most of the days. 
p "iind the frequency is higher for the hypo- 
ysectomites than the controls throughout 
Maus Series. The analysis of the data, sum- 
S in Table 5, indicates that the difference 
b veen groups is statistically significant 
Sij, The results reported above support 
conclusion that hypophysectomized rats 
arm environ- 


Show 4 
W a stronger preference for W 
aversion to 


Menta 

er temperatures (greater 
> 
d?) than do normal controls. 


DISCUSSION 


As yet there are no data on the optimal tem- 
erature for hypophysectomized rats as de- 
termined by the von Herter method (3) of 
Scertaining where they come to rest along a 
thermal gradient. Also lacking is information 
on thermal needs as related to the age of Ss, 
the age when operated, and the elapsed time 
tween operation and beginning of tests. 


While each of these problems is important and 
ated, the lack of evidence on 


Should be investigate’ tol 
them here does not vitiate our findings on nest- 


ng and preferential responses for the setups 
herein: used. Also, PAVIE used no females at 
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all. our interpretations are not encumbered by 
the special factors of estrus or maternal be- 
havior (4, 11). However, certain other factors 
need to be reviewed in order that one may 
assess the likelihood of their giving rise to the 
behavioral differences herein ascribed to ther- 
mal stimuli. 

Was odor consistently associated with the 
temperature differential in the preference 
setup? Although precautions were taken to 
minimize wood odor from the heated box by 
lining all points of contact between it and the 
heater with sheet aluminum, it is possible that 
heating did produce a distinctive wood odor 
and that by choosing the odorous box S would 
have obtained thereby a higher warm-box 
score. Granting such a cue, there isnoa priori 
ground for assuming a differential preference 
between groups unless by consistent associa- 
tion with warmth in the test situation it be- 
came a secondary cue that facilitated location 
of the warm box. We are inclined to minimize 
the importance of odor as either a primary or a 
the air in the runways 


secondary cue because 
by input-outtlow 


was constantly agitated 
action of the air conditioning apparatus. The 
latter would also minimize any po ible influ- 
ence of relative humidity as a differential 
factor between the two boxes. As far as known 
neither of the foregoing factors could have 
operated differentially in the nesting situations. 

Did the factor of inactivity favor the hypo- 
physectomized rats in either the nesting situa- 
tion or the preference box? The answer is un- 
equivocally negative for nesting. Our operates 
constructed nests more promptly than the 
controls at night. Also, they did more nesting 
during the day, when room temperatures were 
in the neighborhood of 75? F. and, as already 
indicated, made more elaborate nests at night. 
Conceivably, however, if the operates had been 
torpid or sedentary they. might have maneu- 
vered themselves into the warm box, remained 
there for the duration of the test period, and 
thus, by virtue of making few exploratory ex- 


ae into the cool box, have acquired a 
higher score than the more active "gad-a ve 
controls. Not foreseeing this wi coge 
failed to take notice of each excursion tinm one 
to the other box; hence, only impressions can 
be reported. Everyone connected with the ex- 
periment received the impression that the 
hypophysectomites were no less active in the 
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preference boxes than the controls and. that 
they exhibited a normal exploratory tendency 
They appeared to be alert, curious, quick in 
movements, and sufficiently vigorous to move 
freely throughout the enclosures. No behavior 
suggestive of torpidity or sedentary tendency 
was noticed. Hence, it seems unlikely that 
differential activity played a decisive role in 
the operates! achieving the higher warm-box 


scores, 

All things considered, it would seem that 
superior nesting and greater preference for the 
warm locale denote the presence of a higher 
“thermotactical optimum," in the sense of 
von Herter (3), in rats following loss of the 
hypophysis. One characteristic in the human 
syndrome of hypopituitarism (9) is "increased 
sensitivity to cold." Further investigations 
should be undertaken to reveal what specific 
factors are responsible for it. Hypophysectomy 
in young rats may interrupt the decline in this 
optimum that normally takes place between 
infancy and maturity. Also to be appraised are 
such factors as lc of subcutaneous fat, 
thinning of the integument, altered growth of 
the fur, reduction of blood supply to the skin, 
and lower metabolic rate. Finally, not to be 
overlooked is the possibility of heightened 
sensitivity of thermal receptors of the integu- 
ment. The likelihood of such a change might 
profitably be explored by use of the recently 
developed apparatus for testing. thermal dis- 
crimination described by Downer and Zubek 
CHR 


SUMMARY AND CONCLUSIONS 


1. Eighteen male albino rats, hypophysec- 
tomized when 35 days of age, were compared 
with 19 like-age controls in nest building on 10 
consecutive nights when from 51 to 60 days 
old. Room temperatures were varied between 
60° and 88° F. At the highest temperatures 
little or no nesting occurred in either group, 
but at all temperatures below normal, colony- 
room values, the operates built and utilized 
significantly better nests, from the standpoint 
of insulating devices, than the controls. Also, 
for 12 hypophysectomites operated at the age 
of 35 days. a similar degree of superiority was 
found, in comparison with 13 controls, when 
rested in a light- and soundproof room wherein 

ratures were held steady with 


; Se oe une 
nighttime temp sw 
e of 30° to 60° F. It is assumed that 


the range 
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superior nesting is indirectly instigated by 
deficiency in heat production resulting chiefy 
from loss of the thyro- and adrenotrop!e 
hormone: : 

2. Two of the foregoing groups (12 hypo 
physectomites and 13 controls) were compared 
as to preferential responses for a warm VS. cok 
locale in a runway wherein temperature of the 
warm compartment was maintained at 75° F 
and that of the cold box was varied from day 
to day over the range of 45° to 60° F. The 
hypophysectomized rats used the warm box 
significantly more than the controls. Choice ol 
a locale affording supplemental heat 1s regarde 
as compensatory behavior in hypophysecte" 
mized rats whose mechanism for heat produc 
tion has been impaired. If this interpretatio? 
is correct, the results on nesting and thermo” 
tactic preference are in harmony. More effec 
tive use of insulating materials reduces radia- 
tion, and coming to rest in the warmer room 
facilitates heat absorption. 
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PATTERN PERCEPTION FOLLOWING INSERTION OF MICA PLATES 
INTO VISUAL CORTEX! 


R. W. SPERRY asp NANCY MINER 


California Institute of Technology 


, Electrical field concepts of cerebral integra- 
tion have not found support in earlier experi- 
Mental tests in which functional organization 
has been observed to be but little disturbed by 
extensive radial slicing of the cortex or by 
Short-circuiting of the cortical currents with 
planted pins and wires of gold, tantalum, 
and stainless steel (2, 3, 4). However, it has 
Not been unanimously agreed that either knife 
Cuts or metallic inserts produce sufficient. dis- 
tortion of direct current flow in the cortex to 
make the findings definitive in so far as the 
electric field hypothesis is concerned. It 
Seemed that a more effective test could be 
obtained by inserting into the cortex numerous 
Plates of a dielectric material. With the cortical 
Currents forced to detour around a series of 
dielectric barriers, gross distortion of their 
normal patterning would be inevitable. This 
atter approach was employed in the present 
Study. Small plates of mica were implanted 
into the visual and surrounding cortex in cats, 
and the functional effects were tested subse- 
(ently on a battery of trained, visual form 


1 MC e 
lisc riminations. 


METHOD 


sLhimats 

Six cats were used, all of them cage reared in the 
thoratory from an age of seven weeks or younger. M 
le start of the experiment they ranged in age front six 
9 len months, and previously had had no experience 
‘ith any sort of formal learning. They: were man 


ai smütebr - 75 
tained in open wire cages (approximately 60 by 7 
'N 90 em), 


l 


> 

Preoperative Training 

The cats were taught to perform à series of ee 
contour discriminations by methods descri »ec 
ier (4), Training was carried out in 4 darkened 
imination box in which the translucent patterns 
to he diseriminated were presented in two swinging 
doors at the end of the box which the cats pushed open 
With their heads. .\ correct choice allowed access to a 


morsel of food; an incorrect choice activated an electric 
buzzer. The cats were trained to discriminate an equi- 
lateral triangle from any of a series of imperfect tri- 
angles of similar dimensions arranged on a scale in 
which the critical difference was gradually reduced, as 
shown in Figure 1. Simultaneous paired presentation of 
> and negative patterns was used with cats Slp, 
and Sst. With cases Vor and Cle individual 
e presentation was employed as described 


success 
below. 

As a rule 30 to 50 trials were run per day. 
same kind of negative pattern. The daily s 
started with 1 to 5 runs on each of the simpler stages 
of the pattern already mastered and proceeded to more 
difficult stages as rapidly as learning permitted. The 
most difficult or “top” negative figure that could be 
discriminated was determined prior to operation for 
each type of negative pattern. The discrimination 
habits were stabilized by overtraining approximately 
400 trials on figures of intermediate and high difficulty. 
The training and overtraining schedules were inter- 
rupted erratically and extended over prolonged periods 
totaling 5 to 18 months. 


all on the 
sions were 


Surgery 

The cats were anesthetized with veterinary Nem- 
butal (intraperitoneal injection of 38 mg. per kg. body 
weight). The skull was opened on both sides and acros 
the mid-line with a dental crown saw and rongeurs until 
a wide bilateral exposure of the visual cortex was 
achieved. Small plates of mica (0.02 to 0.04 mm. thick, 
2104 mm. wide, 3 to 20 mm. long, and slightly pointed 
at one end to facilitate insertion) were then pushed into 
the visual region in the over-all patterns shown in 
Figure 2. The mica was inserted through short slits in 
the pia that were cut in advance with a fine steel knife. 
The majority of plates were individually trimmed in 
length and width at the time of insertion to suit the 
locus of implantation. An attempt was made to avoid 
interrupting the optic radiations as much as possible by 
placing the deeper insertions in a plane parallel with the 
radiation fibers. The larger blood vessels on the surface 
were avoided, but there was extensive hemorrhage in 
many insi from large unseen vessels running deep 
in the fiss The dura was replaced over the im- 
plants and fastened with fine silk sutures. A median 
bridge of the skull plate 1.5 to 2.0 cm. wide was re- 
inserted over the saggital sinus and fastened firmly with 
tantalum sutures. Penicillin (procaine G, 300,000 units) 
was injected intramuscularly at the start of the oper- 
ation and on the following four days. 


_ This investigation was aided hy the F. P. Hixon Postoperative Testing 

Fund of the California Institute of Technolog and by n ; 

grant from the Southern California Society Mental Fifteen to 27 days were allowed for recovery. from 

e the surgery. The tests were started with figures that 
403 
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Fic. 1. Test scale of the negative figures reproduced from photostats of original stimulus cards. Positiv figu“ 
was always an equilateral triangle like B7 without the crosslines. 
wer rbitrarily selected in each case according to the and X-rayed to record the pattern of mica inserts. Lm 
apparent degree of recovery as judged on the basis of mica pieces were then pulled out and measured. P 
generalized visual behavior. The test figures were then brains were dissected carefully to assess better the m 
adjusted immediately upward or downward on the tent of the damage and degeneration, particularly Sd 
scale depending on the performance until the most in the white matter. The lateral geniculate nuces e 
difficult. figure that could. be discriminated was de- — excised, sectioned transversely at 25 mu, and Rh 
termined for each pattern. Only one type of negative with cresyl violet to determine the amount of p 

| by interruption of the el 


pattern was tested on à given day. \ performance level grade degeneration cause 
of 16 or more correct out of 20 consecutive tr als was radiation fibers. 

used as the criterion of discrimination. In all but one 

c Slp, the postoperative testing extended over 

seriods of three to six and one half months. Tests were y : 
ariel out at arbitrary intervals during this time with Mica Implants Limited Mainly to 
n fort being made Gray, Case Sip 


OBSERVATIONS AND RE 


Corlic al 


lav offs not longer than six w ecks, an ef 
ere tests freque T gi i gressions 2 " : sap test 
to at Ane ee frequent enough to avoid regre n This first cat was trained on our earliét test 
3 s of memory : j 
from losi ) scale (4) te the highest level on A through 

: a2lely 475 nd cjs on 
pllow-up Examination with approximately 475 overtraining trials © 
Fotou $ ) figure Mica plates were then inserte 


sun each to[ 
h bilaterally. 2. An attemp"! 


the brains had been fixed by perfusion as shown in Figure 2 


they were removed, photographed 


\fter ) 
10 percent formalin 


( 


PATT 


Was made e : i 

p nade to contine the mica implants to the 
stay matter, avoiding damage to the under- 
ble, partic- 


UR ES Ms ter as much as possible. 
Slp ye. SEI] aren of central vision. 
opetat pm blind on the third day after 
the HER a Bl ion returned rapidly during 
nearly norm: yos until on day 12 it seemed 
operative ie to observation. Post- 
day after testing was started on the fifteenth 
each figy Pperaugn, In the first 20 trials on 
Amal es Slp discriminated all its most 
second 2 figures except. At and E4. In a 
Succeed, trials on these latter patterns, 5 

eded with A3 and E; 
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"bla gts Invading White 


" After obse 
erformance 


casui 


Maller 
»-level postoperative 
we proceeded to 
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of the first case, 
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make the implantations more drastic. The 
over-all pattern of inserts was much the same, 
but larger numbers of mica plates were im- 
planted, and they were inserted. deeper. The 
resultant invasion of the white matter along 
with the additional cortical damage in the 
remaining four experimental cases produced a 
moderate to severe impairment of vision that 
persisted beyond the early ten-day period of 
edema and inflammation. Improvement in 
vision was fairly rapid during the first weeks 
after operation, tending to taper off gradually 
thereafter to a final level that varied with the 
severity of cerebral insult. All the remaining 
cases were trained and tested in an improved 
discrimination box with the battery of test 
figures illustrated in Figure 1. The postopera- 
tive performances tabulated below include the 


Clv 


ced fro} IRA M e T 3 
aced from photographs of fixed brains. Plates along median and posterior 
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best achievements of the first several days of 
postoperative testing for each pattern and also 
the most difficult (top) figures mastered later 
after recovery had reached a stable level. 


Simultaneous Presentation, Cases Wis and Nsy 


As shown in Tables 1 and 2, l/s eventually 
attained a high level of recovery, mastering 
most of its top preoperative patterns, whereas 
Vsy did less well. The difference was partly 
reflected in the amount of brain damage in the 
two cases, but other factors were involved. 
Vsy had never performed as well as Is even 
before operation. During surgery, widespread 
yellowish granulations were noted in the pia- 
arachnoid of .Vsy, suggestive of an earlier 
meningitis. Two weeks after surgery the scalp 
had to be reopened to drain a suppurative 
infection which gradually subsided under 
penicillin treatment. At nine weeks another 
ulceration broke through the scalp. When the 
brain was removed 15 weeks after operation, 


TABLE 1 
Summary of Case Wis 
Preoperative Postoperative 
s Initial Top Figure 
Overtrained Discrimination Achieved 
Novof | i, Topfig.' ae | Days | pig Days 
(duh | Fie: gchheved Fi | postop. Fit | postop. 
446 M AT A3 27 ^M 114 
426 BO B7 B4 35 BO 74 
420 CO C7 C5 32 C7 61 
400. Do D7 DO 42 D7 73 
800 EO ET ES 47 EO 61 
424 Fo V7 FS 34 F7 52 
Summary of Case Vsy 
Preoperative Postop 
: Initial Top Figure 
Overtrained Discrimination Achieved 
f ; Top OS iy Da TM Days 
Nov of | Fig. | gchfeved | Fit postop.| C^ | poston. 
410 Ad A6 29 A3 64 
190 B6 BO 27 B3 80 
205 C4 C5 35 C4 12 
420 D4 D3 45 DI 45 
325 I ES 48 El 83 
37 F2 7 


TABLE 3 
Summary of Case 


Preoperative Postoperative 


Initial 


Gvertraine a 
eciralnett Discrimination 


pod Fig Days 


trials postop. Fix. | postop. 
360 | A3 | Ad Ax | 39 | sp BF 
B5 B6 B2 20 B3 ie 
GE. | «6 Qi 2 G 23 
D2 D3 D2 24 D3 85 
ES ! ES El 3s 9 ol 
TABLE 4 
Summary of Case Ch: 
Preoperative | Postoperátive 
pus iu Top Figure 
Overtrained Disce ton Ton eed 
rca eee cane | Digs 
wil | fue | achieved Fig. | postop. 
44s | x$ AM) Ade 2a? 0 SA | 
660 | BY | BS | B2 | M B2 H 
i failed " 
6m 1» |. GR fen | oup ace | UY 
failed 


550 D2 D5 


420 E3 ES 


ned during the sixth month after operation: 
sitive figures simultane? 
gures v 


* When re 
allowed to compare negative and pc t h 
like Sp, Whs, and Vsy, Cle successfully discriminated fi 
B2, C5, D4, and E2 


sly 


i i i „r the 

widespread infection was evident under nies 

i i i i severz nt? 

skin extending into the brain at sev eral po! E 

i f ication 

around the mica. Because of the complicati g 
de V MS MEAS, 
in .Vsy, the performance of Is was rega! 

as the more informative of the two cases. 

Serial Presentation, Cases Nbr and Cle , 

H »rfornt © 

The last two cats were trained to perfo nicl 


dece Eqs AU ram ait 
ilt type of discrimination in V 


more difficu Ata time: 


onlv one test figure Was presented ;nd- 
The cat had to respond differentially depe sale 
PE 08 
ine on whether the figure shown was the | 
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1 triangle or one of the imperfe 2 
ative 


f the 
ap- 


tive equilatera l 
negative triangles. Both positive and neg 
figures were presented in the right door 9 
training box. When the positive figure P 
peared, the cat approached it and pusher 
open the door. W hen a negative figure wa 
presented, the cat avoided it and went inst it 
to the left door, marked only by a vertical s” 
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aut remained constant. It was thought 
Somew: ria ofa single figure constituted a 
ceptua Mee critical test of possible per- 
an earlier imi In part it was an answer to 
oth Beta I1 (4) that with two figures, 
tinguishable id distorted and yet still be dis- 
distort : »ecause the positive would be less 
A ed than the negative. 

ee b. the tables, the general level of 
lower i e, parh pre- and postoperative, was 
The F se oughout on this more difficult task. 

series was abandoned because the train- 
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rove Pye ET 
The Oved too difficult under these conditions. 
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some Ostoperative performance of Nbr was 
Whe * . 
What better than that of Cle, and this 
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Knife Cuts Without Mica, Control Case Sst 


In a sixth cat deep knife cuts were made in 
the same general pattern as the mica implants. 
The cuts went well down into the white matter, 
simulating the tissue damage produced by the 
more drastic of the mica implantations. Noth- 
ing was inserted into the cuts, the aim being 
to find out to what extent the functional im- 
pairment in the experimental cases might be 
ascribed to the dielectric properties of the 
mica and how much to the tissue injury alone. 
The resultant impairment proved to be as 
great as in the most severely affected of the 
experimental group. Trained preoperatively to 
discriminate A4, B5, C4, and F4, with a 
minimum of 300 overtraining trials on each, 
the best Ssf could do at six weeks after opera- 


Not all inserted plates are visible at surface 
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tion was Al and F1. It failed repeatedly to 
make criterion on B1 and C1. 


BRAINS 


POST-MORTEM INSE ION OF 


The mica plates were found to have survived in 
good condition in all cases without deterioration or 
crumbling. In the four cats retained for testing longer 
than three months after operation the m implants 
ed in thick connective tissue sheaths 


had become enca 
that must have further enhanced their current dis- 
torting properties. The extent of damage to the cortical 
gray itself can be estimated roughly from Figures 2and 
3.2 The nature and general pattern of the cortical 
and the amount 


lesions was much the same in all cases, 
of damage to the cortex was roughly of the same order. 

Much greater variation was found in the extent to 
which the inserts had invaded and damaged the white 
matter. Invasion of the white was least in Slp. The 
medial portion of the white in the splenial, supra- 
splenial, and fornicate gyri was divided in Slp. and the 
upper third of the 
vivian gyri. In the 


plates. invaded approximately the 
white in the marginal and supr: 
other four experimental cases, the splenial, supra- 
and fornicate gyri were almost completely 
the inserts, and on the lateral 


splenial. 
divided by many of 
surface most of the implants extended all the way to 
the base of the white in the suprasylvian and marginal 
In general the implants went deeper than had 


gyri. 
a result of the improvised trimming of 


heen intended 
the mica plates without close measurement during the 
surgery. In all cases two or more implants penetrated 
the lateral ventricle on each side. In IWhs the two deep 
est plates on cach side pierced the hippocampus. In 
Vor seven implants had penetrated the ventricle on the 
leit side and three on the right side. When the mica 
plates were extracted, the degeneration in the sur- 
varied from being hardly noticeable to 
s 2 by 3 mm. 


rounding tissue 
the extent of producing large oval cavitie 
damage to the white was least 
ind Cle. 


Among the four ca 
in His and greatest in 

The geniculate bodies of 
camined microscopic 
degeneration scattered. irregularly 
Rough estimates of the total per- 
centage of reduction of principal cells in the dorsal 
us on the side least impaired ranged from around 
20 per cent in .Vbr, 50 per cent 
Fibers to the critical 
ed greatest 


but Slp were sec- 
Hy. They showed 


tioned and e 
varying degrees oi 


through the nucleus. 


nucle 
10 per cent in Ws to 
in Cle, and 75 per cent in .Vsy. 
al vision appeared to have suff 


area of centr: 
in cases Vsy and € Te and were best. preserved in Whs. 
In the control case the inva ion of the white matter 
that found in Vsy and Cle. In particular, 
lations on both sides were invaded by cuts 
al vision. Correlated with thi 
the late 
SNO to 85 


approached 
the optic rac 
in the region for centri 


extensive 


degeneration was evident in 


weniculate nucleus amounting to roughly 
per cent 


DISCUSSION 


[he functional effects of mica implantation 
ippeared to rellect throughout the amount of 
S. Harri 


phe N ray d 


Huntington 


icrures were taken by Dr R 
Memorial Hospital, Pasadena 
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tissue damage incurred rather than the degree 
or quality of electric current disturbance. The 
distorting influence on the mass “figural” cur- 
rents within the cortical gray itself should have 
been roughly of the same order in all five 
experimental cases. According to the electric 
ñeld hypothesis (1), the distortion of relational 
effects mediated by mass current flow should 
have been sufficient to cause drastic disrup- 
tions of pattern perception. The high-level 
postoperative performances of Slp, Ihs, and 
Vor speak strongly against electric field theory 


as currently conceived. 
Although the cortical 
roughly similar in the different 
the underlying white matter varie 
considerable range and was correlated with the 
degree of functional impairment. As in the 
sensorimotor cortex of the monkey (3), knife 
cuts entering the white matter tended to have 
much more severe effects on function than cuts 
confined to the gray. The poor scores of the 
control case taken in conjunction with the 
sarlier results on subpial slicing (4) support 
further the inference that the functional deficits 
were produced by the tissue lesions per 9€ 
particularly those to the white, and not by the 
dielectric. properties of the mica inserts. . 
Relearning may have been partly responsible 
for the gradual improvement that followed the 
initial postoperative performance in the fou! 
es that were tested over a long recovery 
a more important factor Nin 
a state © 
s) pre 


sug? 


destruction Was 
cases, that t0 


d over 4 


ca 
period. Probably 
the spontaneous recovery from t 
bral depression or shock (diaschisi 
This ts : 
improvement? 
av-off. perio‘ 5 
; particular y 


cere 
duced by the surgical trauma. 
gested in the observation that 
continued to take place during l 
when the cats were not being run, t 
during the first six weeks after operation. cell 
The presence of relearning would not ra fi 
invalidate the above conclusions unless ie 
cats had learned to recognize and disc rimina 1 
- distortions produced by the mica: 
1 of cortical currents had in ta‘ 
in the pe 
is figures as 
(1), the dE 
kedly 


ing 


illusory 


the distortior c | 
corresponding. distortions 


ppearance of the stimult 
| in electric field theory 
tortion patterns should have differed mar 
for each fixation point of the eyes in lookin? 
at the figures Any single figure would. hav’ 
assumed a different and distorte. 
shape for ca h new fixation point. Furthermore 


caused 
ceptual a 
conceivec 


grossly 
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"ah and head movements made while viewing 
the figures should have resulted in a violent 
Hepa splintering, and shimmering of the 
iam pe It is dificult to believe that the 
Whs ea postoperative discriminations ot 
E Vor in particular could have been 
AEN Ves such conditions. Moreover, 1n 
relearn of Slp there was no opportunity for 
earning, 

s. results seem best accounted for on the 
ption that the mica implants produced 

$ Scotomata of varying size and shape corre- 
EU the location, $ ey and shape of the 
Versible plus (b) a generalized and partly Te- 
ie depression of the remaining 
es with which the destroyed cells and 

ibly (c) certain 
micropsia, 


M dn NER associated, and pos: 
“eptual disturbances (like 
trim Dh displacements, polyopia) as co 
inju e by human patients with occipital lobe 
Nes (5), The cats, like human patients, 
ly or entirely un- 


May hi 8 
Y have remained large 
a, and 


Ware 
are of the widely scattered scotomat 
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their postoperative perception may have been 
aided by a tendency for perceived figures to 
be completed across the blind areas. If the 
implants produced disturbances that reached 
awarene listed under (c), these latter were 
not sufficiently marked to prevent pattern 
recognition at fairly high levels. 
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INTEROCULAR TRANSFER OF PATTERN DISCRIMINATION IN CATS 


FOLLOWING SECTION OF CROSSED OPTIC FIBERS! 


RONALD E. MYERS 


Unicersily of Chicago 


In an early investigation it was found that 
pigeons fail to retain with one eye object dis- 
crimination habits learned with the other eye 
(1, 2). In subsequent studies, however, bright- 
and form discriminations have been ob- 
served to transfer from one eye to the other in 
chick and pigeon, respectively (4, 9). The 
discrepancy seems to have been resolved by 
further investigations with the pigeon which in- 
dicate that the occurrence of interocular trans- 
fer depends upon the locus of the stimulus 
figures within the visual field during the train- 
ing and testing procedures (5, 6, 7). Interocular 
transfer of learned discriminations has been 


demonstrated also in teleost fishes (8, 10). 

In these submammalian forms in which there 
is complete decussation of retinal fibers in the 
optic chiasma, the presence of interocular 
transfer implies an interaction between the 
two brain-halves at a fairly high level of 
organization. Interocular transfer in mammals 
has a quite different significance, owing to the 
bilateral projection of the afferent. fibers from 
ach eve. However, a related type of inter- 
action between the two sides of the brain may 
be studied in the mammal if one first divides 
the crossed optic fibers in the chiasma. In the 
absence of the crossed fibers, the patterns of 
stimulation from each retina are conveyed 
entirely to the ipsilateral brain-halves by the 
remaining uncrossed fibers. The present paper 
with tests for interocular transfer of 
discrimination under 


deals 
pattern. and 
these conditions in the cat. 


contour 


METHOD 


Animals 


Nine cats were used, all of them cage reared in the 


laboratory from an age of six weeks 


younger. They 


i Supported by grants from the National Institutes 
of Health, United States Public Health Service, the 
Abbott. Memorial Fund of the University of Chicago, 
and the Frank P. Hixon Fund of the California Institute 
ob Technology. This report is from a dissertation sub 
mitted to the Department of Anatomy. The University 
of Chicago, in partial fulfillment of the requirements 
of Doctor of Philosophy. The author 


for the degree : s i 
wishes to express his gratitude to Dr. R. W. Sperry tor 
i pe il of the study and for many helpful suggestions 
proposi 


ranged from five to nine months in age at the time they 
were used in the present experiment. Prior to this time 
the cats had had no experience with the e perimental 
test patterns nor with any sort of formal visual learning. 
They had been outside of their cages (open wire, 3P- 
proximately 60 by 75 by 90 cm. in size) only for short 
intervals during the daily cleaning of the cages. 


Surgery 


The optic chiasma was transected in the mid-sagittal 
plane through a transbuccal approach. In this procec ure 
the soft palate was incised from its attachment to the 
hard palate anteriorly to within a half-centimeter of its 
free margin posteriorly. The cut edges were retracte 
with catgut sutures creating a diamond-shaped opening: 
A flap of nasal mucosa was next reflected from the 
sphenoid bone, and, with a dental burr, an oval fenestra 
+ by 5 mm. was made in the bone immediately anterior 
to the spheno-presphenoidal suture. Through this ope? 
ing in the bone the dura was carefully exposed anc 
incised, thus revealing the underlying optic chiasma: 
The chiasma was then sectioned with a fine steel blade 
under close visual control through a binocular dis ting 
microscope. A small piece of tantalum foil was ins 
between the cut halves of the chiasma so that pO 
mortem verification of the completeness of section 
would be possible by gross inspection. : 

After section of the chiasma, the opening in the 
bone was filled with Gelfoam soaked in blood to form $ 
barrier between the nasopharynx and cranial cavit? 
The flap of mucosa was replaced over the Gelfoam a" 
the incised soft palate reapposed with catgut sutures: ` 

The anesthetic for all operations was pentobarbit? 
sodium (38 mg. per kg. body weight, intraperiton PA 
Procaine penicillin G (300,000 units) was injected in. 
muscularly on alternate days for one week follow!" 
surgery to combat meningeal infection. At the end P 
the experiment, a lethal dose of pentobarbital sadina 
was administered. The brains were fixed by pere 
with 10 per cent formalin and checked for remain! 


crossed optic fibers. 


rted 
ost- 


eal): 


Training and Testing 

Three weeks were allowed for recovery DCO" 
ing was started. The pattern discrimination’ aes 
taught in a training box (see 11, 12) in which Ts «da 
patterns to be distinguished were presented side by $, 


i i ^. ony 
ging doors which the cats pushed ope" sd 
allowed acc toan id 


train 


recovery before : 
were 


in two swi 


their heads. A correct choi ic Büz 

Ay. i r c buz: 
of food; an incorrect choice act i star 
‘The cat was trained to return 1n either case to the f test 


r for the next trial. The five pairs o! 


ing chambe l. pairs of | 

patterns that were used are illustrated in Figu " 

The patterns of each pair were constructed of equ 

surface area. The right-left position was alternate 
rdi sellermann's principles (3). 

according to Geller I a 


xcluded from one eye throughout 


Light was 
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meee oe by the use of a black rubber mask 
Measurement s by ties to a leather collar. Since 
cern, the m an CHE rate was not ot primary con- 
training Md: run to satiation each day during the 
Pattern was wi To facilitate learning, the positive 
as learning Md more brightly n the beginning, and 
eliminated poe thel ht difference was gradually 
^ 34 or more dd Pubs attained a performance level 
Deen equated hee in 40 trials after the patterns had 
Stabilized b RE brightne s, the discrimination was 
number of ove Creraining with 40 trials a day. T he total 
listeq in T; re ete trials for cach di imination is 
taught, one i ale 1. Where two dis minations were 
the final 280. each eye (as with Bg, ess, SI, and Brn), 

280 to 320 overtraining trials on both were 


a b 


Pairs of test patterns. Cats were trained to 
"airs s 

in column 4. 
rb was evident. 


" Ete; f; 
ect patterns 
"Itterns in either 4 9 


o initial preference for 


s yi 
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FABLE 1 


Level of Interocular Transter 


Av. No. 
Correct 
Out of 
Cat on Fi 
Mmm R I 120 
Bgw lL II 400 
R II HO 
Css L Il MO 
R III 440 
Bsh UE IH 240 
R IV 440 
R Il 500 
sil R HI* 400 
L V 400 
Brn R Ill 400 
L IV 440 
Kns R IV 400 
Pil R 11 400 
Hrl R IV 160 


* This one case was trained to choose the horizontal lines in 


II instead of the vertical. 


on odd days 40 trials 
were run with one discrimination, and on the even 
days 40 trials were run with the second discrimination. 
Cat Bsh subsequently learned a third discrimination. 
T for interocular transfer of a given disc 
w ied out by placing the mask over the eye used 
imination and presenting the pat- 


carried out concurrently, 


imination 


in learning that di 
terns to the “untrained” eye for 40 test trial runs 


RESULTS 


Although aided during training by differ- 
ential lighting of the figures, and occasionally 
by other measures such as leaving the correct 
door ajar, the cats required roughly 330 to 
1,250 trials in from 4 to 21 days to learn their 
first discrimination problem. The second and 
third. discriminations, learned after the ani- 
mals had become accustomed to the training 
procedure, required 240 to 385 trials in 4 to 
8 days. The cats’ discriminative capacity was 
lowered under the conditions of the experiment 
necessitating the use of relatively simple test 


patterns. 

The scores obtained with the untrained eye 
along with the relevant data are summarized 
in Table 1. It can be seen that for 14 of the 15 
dis rimination habits tested, the level of per- 
formance with the untrained eve was 27 or 
more correct the 40 critical trial 
runs. The probability of an animal's obtaining 


choices in 


score of 27 or COT i 
score of 27 or more correct on a chance basis 


is less than five in a hundred. In 11 of these 15 
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habits the performance was 34 or more correct, 
the probability in this case being less than one 
in a thousand. 

In the single exceptional c Kns, the 
performance level on the tests for transfer of 
habit IV approached chance. The records show 
a reversion to a position response, On the fol- 
lowing day, when retested with the trained eye, 
Kus performed 39 correct out of 40. On the 
third day a second 40 trials were run with the 
untrained eye and with the reward punish- 
ment value of the two patterns interchanged. 
This time the cat chose the pattern that had 
originally been positive 29 times out of the 40 
despite its then being associated with punish- 
ment. Some transfer effect was thus evident 
from the second 40 trials. This latter score 
could not be ascribed to relearning in view of 
the reward punishment reversal. A similar 
observation has been reported by Levine (6) 
with pigeons. 

The completeness of the chiasma se tion w 
readily verified by gross inspec tion of the fixed 
brains in all cases except Mmm and Bgw. In 
these two the completeness of section was 
satisfactorily confirmed by histological ex- 
amination. 


DISCUSSION 


It is evident from the general high level of 
performance on the critical trial runs with the 
that pattern discriminations 
learned with one eye can be performed with 
the other by cats in which all crossed optic 
fibers have been sectioned. The high-level per- 
formance with the untrained eye could hardly 
be ribed to rapid learning. In four of the 
habits tested, as few as one mistake was made 
on the 40 critical trial runs, and one animal 
made this single mistake as late as the twenty- 


untrained eye 


eighth trial. 

In all cases the performance was somewhat 
better with the trained than with the un- 
trained eye, indicating that the trained and 
untrained sides are not completely equivalent. 
This difference was more pronounced with test 
patterns H, which were relatively difficult, 
than with the easier patterns of II (criteria of 
difficulty being the learning rate and the final 
level of performance on the overtraining trials). 

[t is of interest to note that the exceptionally 
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low level of transfer obtained in Bs% and Bri 
occurred in both cases with test patterns IV. 
Further, the second eye of both cats had previ- 
ously been trained to discriminate the patterns 
of II. Inspection of the two sets of patterns 
(see Fig. 1) suggests the possibility that the 
low level of transfer in these two cases Was 
caused by interference effects arising from 
similarities between the two sets of patterns. 


SUMMARY 


The afferent connections from each eye were 


restricted to the ipsilatcral brain-half in nine 
cats by surgical section of the crossed fibers M 
the optic chiasma. The cats were then traine¢ 


to perform pattern discriminations with @ 
mask covering one eye. When the mask waè 


later shifted to the opposti e eye, it was fount 
that the discriminations could be performes 
correctly with the untrained eve. The results 
illustrate a type of function ıl equivalence anc 
an integration of considerable complexity be 
tween the visual mechanism. on the two sides 
of the brain. 
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CERTAIN DIFFERENTIAL EFFECTS OF LEFT AND RIGITT CEREBRAL 
LESIONS IN HUMAN ADULTS' 


RALPH M. REITAN 


Indiana University Medical Center 


An interesting symptom-aggregate attri- 
buted to lesions in the right parietal lobe in 
human beings has recently been described by 
Brain (2), Critchley (5), and Denny-Brown, 
el al. (6). The primary defects appear to be a 
loss in the significance of stimuli (particularly 
visual, but also auditory and tactile) in the 
left side of extrapersonal space, dressing 
dyspraxia, and construction defects approach- 
ing or at least simulating construction dys- 
praxia. Each of these defects would appear to 
represent a difficulty in manipulating, ordering, 
or effecting spatial relationships. 

Birren (1) and Cohen (3) have recently 
published independent factorial analyses of the 
Wechsler-Bellevue Scale based upon groups 
which differed with respect to age as well as 
psychiatric and neurologic diagnoses. In each 
solution, significant loadings were contributed 
by the same subtests for the first two factors 
extracted. One of the factors was composed of 
only verbal subtests and the other of only 
performance subtests. The factors were called 
“Verbal Comprehension and Closure" by 
Birren, and “Verbal and Nonverbal Organi- 
zation” by Cohen. 

The left (so-called dominant) hemisphere in 
right-handed people has been associated with 
language functions since 1836, when Mare Dax 
published his observation that speech impair- 
ment is much more frequently associated with 
right than left hemiplegia. The right parietal 
lobe may subserve abilities in spatial organi- 
zation as suggested by Brain, Critchley, and 
Denny-Brown. Judging from a patient de- 
scribed by Hebb (8), with a lesion attributed 
to the right temporal lobe, the possibility 
exists that in some instances organizational 
abilities may be subserved by the right tempo- 
ral lobe as well. These reports suggested the 
hypothesis that lesions in the right cerebral 
hemisphere might impair ability on the per- 
formance subtests of the W-B, and the lesions 
in the left hemisphere might lower the scores 


i This research was supported in part by a grant 


from the James Whitcomb Riley Memorial Association. 


on the verbal subtests. An attempt was made 
in this study to perform a preliminary test of 
this hypothesis. 


METHOD 


Subjects 


One group was composed of 14 patients with lesions 
nts with 


of the left hemisphere and another of 17 patic 
right cerebral lesions. he hemisphere involved in each 
patient was v fied at surgery. These patients repre- 
sented all admissions, during a two-year period, who 
had received psychological tes and who, in addition» 
were classified as having unilateral cerebral lesio 5s 
The neurological examination and diagnostic pre cedures 
preceding surgery were completely independent of the 
psychological testing both with respect to the ex 
aminers involved and technique used. ‘The diagnostic 
procedures included complete neurological examina- 
tions, electroencephalography, and cerebral angiogra- 
phy and/or air studies. The psycholog id examiner 
was completely unaware of these results prior to admin- 
istration and scoring of the tests. 

No attempt was made to select patients wi 
ment in one or another lobe of the hemisphere damage’ 
The groups were not composed in such a way that 
results would be of significance with respect to locali- 
zation of brain functions, since the sites of pima 
involvement for individual patients inclut ed all Ur. 
lobes in each group. Only lateralization of function? 
was investigated in this study. 

In spite of the care used to select pä 
unilateral lesions, it was impossible to rule 
pletely such influences on the 
hemisphere intracranial hypertension, edema, 2M 
impaired v ularization, Post-mortem € amination” 
were not obtained, and thus the possibility of bili ipn 
involvement being present in some patients 18 by HF 
means ruled out. Such occurrenc however, aan 
decrease the differences in the groups and thus (eum 
minimize the probability of obtaining 


th involve- 


out com 
norma 
ant 


supposedly 


significa 
results. 

A third group consisted of 31 patien 
alized brain damage, and included diagnos 
paresis, multiple sclerosi 
degenerative 


ts with gene! 

€ gener 
anomalie? 
aumatt 
were 


focal damage, because of the strong like 
as well as focal damage int 
The patients were tested after 


from hospitalization and were 
ith lester 


si d 
ysphasta j 
- pec 


they hac 


maximal benefi 
for discharge. Eight of the 14 patients W 
the left hemisphere, however, had mild d ab 
the time of testing. None was severely handicap! 
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22b» 


Verbal expression. All patients included in the study 
Were right-handed. 

, Although insufficient. patient material prohibited 
individual matching of patients on control variables 
Such as sex, age, education, etc., the group means were 
fairly similar for age and education. Means for chrono- 
=: left-sided damage, 40.21; 
led damag ; and diffuse damage, 36.10. 
for number of 4 of formal education were: 
led damage, 11.14; right-sided damage, 10.65; 
and diffuse damage, 10.58. None of these mean differ- 
Nees approached statistical significance. 


» 
Procedure 


l A wide variety of tests was administered to cach 
Patient, including the Wechsler-Bellevue Scale (Form 
) the tests proposed by Halstead (7) for measuring 
biological intelligence, the Minnesota Multiphasic 
ersonality Inventory, and the Halstead-Wepman 
Aphasia Screening Test. Only the results of the Wechs- 
| ler-Bellevue Scale were selected for analysis in this 
Study, 

The Wechsler-Bellevue Scale was administered to 
tach patient by a person other than the writer who was 
trained in administration and scoring in accordance 
With Wechsler’s standards. The tests for all patients 
Were scored finally before the groups were composed. 
Means and standard deviations were calculated and 
differences between group means compared stati ically. 
Pearman rank-difference correlations were calculated 
9r subtest rank order in the groups. 


| RESULTS 


| Mean weighted scores on the Wechsler- 
Jellevue subtests are shown for each group in 
“gure 1, 

On cach of the verbal subtests the group 
With lesions of the left hemisphere had the 
West means, On the performance subtests, 
‘owever, the group with lesions of the right 
‘emisphere consistently had. the lowest mean 
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scores. The group with diffuse brain damage 
roughly approximated the group with lesions 
of the right hemisphere on the verbal subtests 
and the group with lesions of the left hemi- 
sphere on the performance subtests. Differ- 
ences between the level of ability shown on the 
verbal and performance subtests is indicated 
by the fact that the group with left-sided 
lesions had a verbal weighted-score average 
about 12 points below the performance 
weighted-score mean. The group with lesions 
of the right hemisphere had a difference of 
11 points in favor of the verbal over the per- 
formance weighted-score mean. The group 
with diffuse involvement had verbal and per- 
formance weighted-score means differing by 
only 1 point. 

The consistency with which the differences 
were shown is indicated by the finding that 13 
of the 14 patients with left cerebral lesions had 
lower verbal than performance total weighted 
scores. Fifteen of the 17 patients with lesions 
of the right hemisphere, however, had higher 
verbal than performance weighted-score totals. 
In the group of 31 patients with diffuse dam- 
age, 17 had higher verbal than performance 
totals, 12 higher performance than verbal 
totals, and 2 had equal verbal and performance 
totals. 

The mean values for the three brain- 
damaged groups were compared statistically. 
These results are presented in Table 1. 

Values of 2.75 and 2.04 are needed in the 
right- versus left-sided comparisons to reach 
the .01 and .05 levels of confidence, respec- 
tively. In the diffuse versus left- and diffuse 
versus right-sided comparisons, values of 2.70 
and 2.02 are necessary. 

The differences between means for the group 
with right and the group with left cerebral 
lesions were significant at the .05 level or 
beyond for each of the verbal subtests except 
arithmetic. The Verbal Standard Score and 
Verbal IQ means were also significantly differ- 
ent. Each difference was in the same direction, 
the right-sided group having the higher mean 


values. 

Although the left-sided group had higher 
means on each performance subtest, no differ- 
ence was large enough with relation to the 
variability of scores to reach the .05 level. In 
consideration of these results it would seem 
legitimate to suggest that patients with right- 
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TABLE 


Comparison of Mean Wechsler-Bellevue 7 


Inf Comp Dig 
Right vs. Left 2.07 
Diffuse vs. Left 1.32 
Diffuse vs. Right 1.16 
Block Diz 
Design Symb 
Right vs. Left 2.03 .88 79 
Diffuse vs. Lett 34 AM OS 
Diffuse vs. Right 2.03 1.61 1.93 


and left-sided cerebral injuries represent differ- 
ent populations among brain-damaged Ss. 

The group with diffuse involvement signili- 
cantly excelled the left-sided group on all 
verbal subtests except Arithmetic and Infor- 
on. Only Digit Span and Block Design 
h the .05 level in the diffuse versus right- 
| comparisons, with the diffuse group 
having the higher mean in each instance. The 
results indicate that the group with right-sided 
damage was a good deal more similar to the 
diffuse group than were the patients with left 
cerebral damage. 

As an additional comparison, Spearman 
rank-difference correlations between the rank 
order of subtest means in the three groups were 
computed. A coefficient of .75 was obtained 
between the group with diffuse damage and 
the one with right cerebral lesions. The corre- 
lation between the groups with diffuse and left 
cerebral lesions 3. The with 
unilateral lesions, however, had a coefficient of 
only .17. These results indicate that our group 
with diffuse damage was fairly similar in this 
respect. to the groups with unilateral lesions, 
but that the latter groups differed consider- 
ably. As an example of this, the Block Design 
j had the second highest mean of the 11 
the group with left cerebral lesions, 
for the group with right 


mati 
reac 
sidec 


was groups 


subtest 
subtests for 
but the third lowest 
cerebral lesions. Similarities had the fourth 
an for the group with right cerebral 


highest me: Í 
for the group 


damage, but the third lowest 
with lesions of the left hemisphere. 


DISCUSSION 
While the results suggest a differentiation ol 
rved by the two hemi- 


measured abilities subse 
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Piet Comp 


Span Arith Simil Vow Piet Arr 

1.47 2.95 2.81 EJ si 

1.94 2.93 2.10 30 8 

12 02 1.60 E OF 

VWs PWS TWS VIO Ply TQ 
2.58 73 1.34 £05 
3.3 2.13 A» | 1.60 
Em o8 1.34 | 1:50 

posed concerning 


spheres, a question may be ) 
the possibility of more precise localization: 
This is a question which we have made n» 
attempt to answer with our present nen 
The widespread, mic roscopically observable 
effects of intrinsic brain lesions. in [s 
human material makes the problem ol loca a 
zation extremely difficult. Even with ae 
turally discrete intrinsic lesions, the occurrent? 
of vascular changes and edema may be wide 
spread in the hemisphere. b- 
The impaired performance on verbal p^ 
Les for the group with lesions. of the 
hemisphere may be associated with organ! 
language loss, since 8 of the 14 patients hat 
f If this is true, ! 
sco 


mild residual dysphasia. 
difficult, to. say whether. the verbal : 
represent an. impairment in intelligence OF i 
use Goldstein’s term, a defect in the “inst 

mentalities of speech.” An unresolved € 


"ats reg 
has long been debated by neurologists res site 
inves 


res 
si 


questio? 
ar 


ing the nature of aphasia. Certain rhe 

gators (Marie, Goldstein) have felt, that i 
: ws ss emer 

symptoms represent a loss in basic aspect " 


intelligence, whereas others (Hughlings, Jo 
son, Head, Weisenburg and MeBride, 
nedy and Wolf) have concluded that @ 
represents only an impediment 
ption. + 


phas? 
A he 


in 
S ould 


cow 
a 


per se 
avenues for expression and rece 
this latter interpretation. be correct, 
clusion that the Wechsler- Bellevue Is 
or dysp 


a 
nol ^ 

asit 
legitimate measure of intelligence f a 
Ss would be supported. 

The difficulties. encountered 0n 
formance subtests by the group 
cerebral lesions may be similarly 
primarily 


the P 
with 
viewed: 


- a 
the results reflect only or 


a" , test 
value of the !* 


modality functions, the 
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estimating intelligence in patients with focal 
brain lesions is open to question. 


SUMMARY 


The Wechsler-Bellevue Scale (Form I) was 
administered to 14 patients with lesions in the 
left hemisphere of the brain, 17 patients with 
right-sided cerebral lesions, and 31 patients 
with diffuse lesions involving both hemispheres. 
The lesions were localized only on the basis of 
Clinical neurologic and neurosurgical evidence, 
and the possibility of unknown bilateral in- 
volvement was present. The 5s were not indi- 
Vidually matched between groups because of 
he relative unavailability of patients who met 
our criteria for unilateral lesions. Nevertheless, 
the groups were similar with regard to age and 
ormal education. All patients were right- 
landed. 

Thirteen of the 14 patients with left-sided 
esions had lower verbal than performance 
total weighted scores. Fifteen of the 17 pa- 
tients with right-sided lesions, however, had a 


Migher verbal than performance total. The 
tients with diffuse lesions were approxi- 
Mately evenly distributed with respect to 


higher verbal or performance averages. 'The 
Mean verbal subtest scores for the right-sided 
Broup were higher in every instance than for 
the left-sided group. On the performance sub- 
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tests this situation was reversed, the left-sided 
group having the higher means in each in- 
stance. The mean verbal and performance 
scores for the group with diffuse involvement 
showed scarcely any difference. Questions con- 
cerning the meaning of these results with 
respect to intelligence were commented upon. 
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EFFECT OF UNILATERAL BRAIN INJURY IN MAN ON LEARNING OF 
A TACTUAL DISCRIMINATION! 


LILA GFLES " WEINS 


T. SIDN: 


Psychophysiological Laboratory, New York University-Beli 


In analyzing effects of brain injury in man, 
many investigators have looked for losses in 
previously developed habits and abilities; few 
have been concerned with effects of such injury 
on the acquisition of specific habits. The 
present study describes learning in a group 
with unilateral brain damage and in a com- 
parable group without brain injury. The task 
was a somesthetic discrimination in which the 
discriminanda were presented to the hands 
several times. If S improved, we could say 
that a perceptual type of learning (3) had 
occurred. 

The particular conditions of the experiment 
allowed for a unique comparison. The brain- 
injured group consisted of men with unilateral 
lesions. Further, tactual discrimination was 
required of each hand separately. Since it is 
generally assumed that tactual impulses from 
one hand are projected predominantly to the 
opposite hemisphere, we could compare, in 
the same man, the course of events in the hand 
projecting primarily to an injured hemisphere 
with the course of events in the hand pro- 
jecting primarily to an intact hemisphere. More 
specifically, we asked whether learning would 
be impaired with the hand opposite the brain 
injury. 


METHOD 


Subjects 


The Ss were drawn from the case file of the Psycho- 
physiological Laboratory of New York University 
College of Medicine. The population consists of over 
300 veterans, primarily of World War IT, who sustained 
penetrating injury to the brain or peripheral nerves. 
The brain-injured group consisted of 36 Ss with uni- 
lateral loss of cerebral tissue. Eighteen men had lesions 
of the right hemisphere, viz., 4 frontal, 2 fronto-parietal. 
2 fronto-temporal, 1 fronto-temporo parietal, 2 parietal. 

parieto-occipital, 1 parieto temporal, 1 temporal, 
temporo occipital, 2 occipital. Eighteen men had 
lesions of the left hemisphere, viz., 4 frontal, 1 fronto 


2 
1 


1 The program of research of which this study 
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York, and by the Office of the Surgeon General ( Depart 
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parietal, 1 fronto-temporal, 4 parietal, 2 parieto-occl- 
pital, 1 parieto-temporo-occipital, 3 temporal, 2 
occipital. The 36 brain-injured Ss were tested as they 
appeared for a series of studies at the laboratory. The 
only Ss excluded were those with such severe motor or 
somesthetic impairment that it was not possible to 
administer the test in the usual way. The control group 
consisted of 19 Ss with injury to peripheral nerves ol 
the leg. 


Procedure 


MU epee ^ rar se 
The discriminanda were six patterns similar to s 
ule 


used by Franz and his co-workers in studies of tac 


transfer (1). The patterns shown in Figure 1 im 
; ; $e omicetint am. 
formed by 1-mm.-thick metal strips projecting 9 P 


s 4 side and 
above a block. Each block was 42 mm. on a side 


weighed approximately 495 gm. 

The patterns were concealed from - 
box, which has been described in an earlier 
(5, p. 225). The hand to be tested was place 
box, palm upward, and the sample pattern wa à 
on the palm for approximately 5 sec. With the an Ý 
hand used in feeling the sample, S then examined $ P 
six comparison objects with either palm or iigerhl a 
and selected the pattern that seemed to him to ol 
identical to the sample. The order of presentation 


e. all Ss: the com 
the sample patterns was the same for all Ss; the ach 
red 


; view by ! 
publication 
d inside the 
is placet 


y 


lom order fo 


son patterns were placed in a rant 
du . 

The first trial consisted of presentation of the k 
patterns to the hand ipsilateral to the lesion. The i 
trial consisted of presentation of the six patterns, 
a different order, to the hand contralateral to the l s 
For the remaining trials, the hands were tested Ri 
following order: contralateral, ipsilateral. ipsilate ae 
contralateral, In the control group, the right hand Y 
arbitrarily designated as the ipsilateral hand, and 
left hand as the contralateral hand. Thus there 
six trials in all, three to each hand, and for each trl 


» ais 


were 
al the 
all 


x NS mise. FOL 
patterns were presented in à different sequence nane 
s, then, the number of correct choices was 0? is 
Tom 2 ipsilate? 


for the first, second, and third trials with the! MANT 
second, and. third trials Wt 


hand, and the first, s 
contralateral hand. 


RESULTS 
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correctio ee 

2 shows the number of correc mu ae 
and control * 
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(The amount of improvement 
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[2].) In the control group, the 
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COMES 


d "d C) 
E 
Fic. 1. Tactual patterns. The size of the patterns 
Used wa slightly more than twice the size shown here. 
CONTROL UNILATERAL 
BRAIN INJURY 
50 
t 45 
D 
© 
S 4 
S o 
8 35 
z 
E] 
= 30 
25 
TRIALS TRIALS 
Fic, 2, Number of correct choices in each group with 


'Psilateral hand (D and contralateral hand (C). 


third trial was significantly higher than that 
On the first trial for the ipsilateral hand 
(b < 05), and for the contralateral hand 
P < 05), as determined by / tests. In the 
ain-injured group, the ipsilateral hand 
Showed significant improvement (p < .0D 

“omparable to that of the control group. 

lowever the hand opposite the brain injury 


br, 


, 


diq not show significant improvement. Thus, 
Sven though the two hands of the brain-injured 
Stoup showed the same score on the first trial, 

1€ curves diverged one hand improved, the 
other did not. Significant improvement  oc- 
‘Urred within a hand, except for the contra- 


alerg t Np: 
teral hand of the brain-injured group. 


NUS next question was whether there (oa 
me ies ant difference between the hands wi ai 

! group. The amount of change for each 
‘And was calculated by subtracting the score 
e third 


O E 2 
‘the first trial from the score on th 


trial. In the control group, the mean improve- 
ment was 0.7 for the ipsilateral hand, and 0.6 
for the contralateral hand; the difference 
between these means was not significant. In 
the brain-injured group, the mean improve- 
ment was 1.1 for the ipsilateral hand and 0.2 
for the contralateral hand; a / test showed the 
difference between these means to be significant 
(p « .02). Thus the comparison between the 
hands was consistent with the analysis within 
the hand—the amounts of improvement for 
the two hands were the same in the control 
group but different in the brain-injured group. 

Finally, we asked whether there was a sig- 
nificant difference between the groups for each 
hand. Since the initial level was different for 
the brain-injured and control groups, analysis 
of covariance was used. Thus, the scores on the 
third trial were compared after a correction had 
been made for the difference in scores on the 
first trial. If the amount of improvement were 
the same in each group, the scores on the third 
trial would not be significantly different from 
each other. Separate analyses were done for 
each hand. In the analysis of covariance for 
the ipsilateral hand, the groups did not differ 
from each other (F = 0.20). In the analysis 
of covariance for the contralateral hand, how- 
ever, the groups did differ significantly from 
each other (F = 6.21, p < .05). 

Since only the contralateral hand failed to 
improve, the next question was whether this 
impairment was related to defect in sensori- 
motor functions. The brain-injured group was 
divided into those with sign of somesthetic or 
motor defect of the hands, and those without 
such signs. The presence of defect was de- 
termined by tests of passive movement, touch 
thresholds, two-point discrimination, point 
localization, and strength. Sixteen Ss were free 
of defect on all these measures, 15 Ss showed 
sensorv defect alone, 2 showed motor defect 
alone, and 3 showed both sensory and motor 
defects. (The small number of men showing 
signs of both motor and sensory defect may 
reflect the initial bias in selection, since the 
procedure was applicable only to those with 
mild sensory or motor defect.) The results for 
the sensorimotor and nonsensorimotor groups 
can be seen in Table 1. It is clear that the 
contralateral hand did not show improvement 
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TABLE 1 


Number of Correct Choices Made by Each Subgroup, With Comparisons of Differences Between Scor 


es on First 


and Third Trials 


Contralateral Hand 


Ipsilateral Hand 


Comparison: 


Tris Compariso: "P 
Trial Trale | and 3 Trial TUE] and 3 
Group N 1 2 3 Mp S5 i i 4 " iE, || ssp 1 
Control Wlas 39 49 6 208 Dar | 35 4a) ha] 292] 229" 
Sensorimotor 7012.5 3.0 2,8 3.201 1.03 (27 3.4 3.8, L1 376) 2.921 
Nonsensorimotor. J6.|.326 , 3,8 | 3.7 .1 .293 ES 3.3. | Bue dup] fii | 209 4.088 
Aphasia 12:8 | ROB! 3502 0,66 | 2:2, SO, bU | 123 | 402 139 12t 
Nonapha 95 | 3.t aalsa] 22 1.288 | 2 | SG, Bk BT] O | 308 [i3 2st 
Epilepsy 10| 2.9 3.22.9 0 2:248 Bal £2) 2p te 
Nonepilepsy 2613.0 3.4 3.3 3.247 11.26 3.3 3.4. 44 1,0 | 0252 | 4288 
Frontal $120 34/30 sE | 036 139 à 3.9 7 396 1.84 
Nonfrontal 2 3.1 Sa 3 2.286 98 a.m salid | 305 538 
Parietal 16) 20 DE 2By =, BH) 20 | RE aa RA LL) are 3.14} 
Nonparictal 20|3,1 3.4, 3:5 4 .266: 1.600 12.9 3.5/4.0 1,1 | 328 3.201 
"Temporal wlas! azas 2) 467 43 |3.0 3.5: 30 | 156.1 400 4.008 
Nontemporal 26 | 2.8 A. 3.1 (2.240  .96 3.0 3.8 3,9 .9  .208 3.054 
Occipital 10|3.3 3.5 3:8 i du 1.38 RY Ser ea, Od BED 2.24 
Nonoccipital. 26 2/8 sa A00 2 .200! o 2.9 ob AA L2 397 jA 
Left hemisphere i$i2: 3.0 32 06 165 LI d X8 Wt | 392) 40 
Right hemisphere 18 34) A d Tus ^ 26 da eds HNN daa S08 | SARE 
+p <05; fp < 02; tp < 01; $p < 001. istic 
Note.—The pairs of defect and lesion groups were formed by dividing the brain-injured Ss into two groups, those w ith the character! " 
ion, and those without it. For example, the sensorimotor group consisted of the brain injured Ss with sensorimotor "ci 
The other groupings were fOr 


under considerat 
and the nonsensorimotor group consisted 
same way, considering each characteris 


tic independently. 


in either group. The ipsilateral hand, however, 
in both 


showed significant improvement 
groups. It is noteworthy that the ability of the 
nonsensorimotor group to discriminate the 


patterns on the first trial (with either hand) 
was only slightly below that of the control 


group. 
Since the impairment was not related to 
sensorimotor defect, other variables were 


investigated: locus of lesion and presence or 
absence of aphasia and of epilepsy. (The 
methods for determining locus, and for sub- 
the group, have been previously 
less of the way in which 
alateral hand 
improvement 


dividing 
described [5].) Regard 
the group was divided, the contr 
showed a significant 

The ipsilateral hand always showed 
improvement, which reached a sig- 
three subdivisions, the 


never 
(Table 1). 
consistent 


nificant level in all but 


1 of the brain-injured Ss without sensorimotor defect. 


frontal, occipital, and epilepsy 
these three groups, the / values fell be 
10 and .05 levels; none of the / valu 
contralateral hand ever reached the 10 lev 
Since the frontal, occipital. 
from 


probability. ant 
epilepsy groups never differed 
ary subgroups, it is likely 
former 
would i 
number of 9? 


complement 
improvement shown by the 
represents a real change that 
significant level with a larger 


reach a 


each group. 
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of the hands. 
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the impairment be due to loss of intelligence, 
Since the same S showed improvement with 
one hand but not with the other. The impair- 
ment can best be described as a difficulty in 
learning, if learning is considered to be 
improvement in discrimination. performance 
that appears with repeated trials. 

Surprisingly, the learning impairment was 
confined to the hand opposite the injured 
hemisphere. The finding that an impairment 
in learning can appear unilaterally speaks 
Against equipotentiality (4) of the two hemi- 
Spheres for all learning. Equipotentiality 
Would require that learning be impaired with 
both hands, or with neither hand. However, 
Since a lesion anywhere in the hemisphere may 
Produce the learning defect, our data are 
Consistent with the possibility of equipotenti- 
ality within one hemisphere. 

Learning was studied under rather special 
Conditions in this experiment. (The data were 
originally gathered, not for an investigation of 
learning, but as part of a larger study of tactile 
discrimination.) "The task was more in the 
Nature of perceptual learning (3) than stimulus- 
response learning. The S knew that the correct 
response was to match the standard and com- 
arison patterns. Further, the various choices 
Were not selectively reinforced since S was not 
informed of the correctness of his response. 
Difficulty in learning may have been enhanced 
Y the procedure of changing from hand to 
Nand during testing. We do not know how the 
impairment in learning is related to the specific 
Conditions described here. Further, we do not 
"Dow whether a normal amount of learning 
Would occur with the hand contralateral to the 
Injury if a greater number of trials were given. 


Regardless of these strictures, our results 
se two problems concerning the relation of 
he brain to learning. First, it is necessary to 
“onceive of learning as a process that can, at 
"ast under some circumstances, be disturbed 
“nilaterally, Second. one must consider how 
rain injury at maturity can interfere with 
min perhaps without neces- 


šone ; 
Me learning process 
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sarily impairing the initial level of discrimi- 
natory ability. 


SUMMARY 


This study was concerned with the effect of 
unilateral brain injury on learning of a tactile 
pattern discrimination. The experimental group 
consisted of 36 Ss with unilateral, penetrating 
brain injury; the control group consisted of 19 
Ss with leg injuries. 

In the control group, significant and equal 
amounts of improvement occurred with each 
hand. In the brain-injured group, the hand on 
the same side as the injury showed significant 
improvement, comparable to that of the con- 
trol group. The hand opposite the lesion, how- 
ever, did not show significant improvement, 
This lack of improvement was not related 
to sensory defect, nor was it related to the lobe 
injured, 

Thus, an impairment in learning appeared 
after unilateral brain injury, but this impair- 
ment was confined to the side opposite the 
lesion. These data emphasize the importance, 
for some learning, of that hemisphere which 
receives the main. projections from the stimu- 
lated surface. 
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AN EFFECT OF ELECTROCONVULSIVE SHOCK ON A 
CONDITIONED AVOIDANCE RESPONSE! 


GORDON T. HEISTAD? 


University of Chicago? 


Several authors, notably Mowrer (11) and 
Miller (10), have suggested that a conditioned 
avoidance response (CAR) involves a dual 
stimulus-response sequence in which an 
internal state of fear becomes conditioned to 
an external stimulus event, and the avoidance 
response becomes conditioned to internal 
stimuli associated with this conditioned fear. 
According to this view, the conditioned fear 
has drive properties, and the reduction of fear 
is considered to be the reinforcing agent which 
maintains the CAR. If this view is correct, 
any procedure which attenuates the internal 
state of fear should attenuate correspondingly 
a CAR mediated by fear. 

Hunt and Brady (8) have shown that a con- 
ditioned emotional response (CER) can be 
markedly attenuated by a series of electro- 
convulsive shock (ECS) treatments. The CER 
consists of crouching, defecating, and cessation 
of instrumental lever-pressing for a water 
reward at the onset of a previously neutral 
stimulus which has been paired with a painful 
shock. Insofar as the CER reflects an internal 
fear state, this experiment might be interpreted 
as evidence for the attenuation of fear by ECS 
(3). This would suggest that a CAR, insofar as 
it is mediated by fear, should also be at- 
tenuated by ECS. This prediction is given some 
confirmation in a report by Masserman and 
Jacques (9), who found that ECS tends to 
eliminate experimental neurosis, which in- 
cluded large avoidance components, in cats. 

On the other hand, Gellhorn (4, ch. 15) has 
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reviewed a series of experiments, conducted by 
himself and his collaborators, which indicated 
a fully established CAR is not affected by ECS 
or insulin coma, while a CAR which has been 
"inhibited" (ie, extinguished) by nonre- 


inforcement is reinstated by either of these 
procedures. He further reports that à bei 
with 


CAR is made stronger by treatment 
insulin coma. The reinstatement of €% 
tinguished CAR’s by ECS has also been 
reported by Hamilton and Patton (6); how- 
ever, they report that this effect is of short 
duration. 

The available data indicate that the attenua- 
tion of a CER by ECS depends upon the 
intensity of the painful shock (UCS) employee 
in conditioning (5), upon the number of EC* 
(3, 8), and the intervals between training: 
treatment, and testing (1, 2). The previous 
studies of the effect of ECS on a CER, 9" 
experimental neurosis, and on a CAR differ 
markedly in these details of experimental ne 
cedure. The disagreement among the result 
may be due, at least in part, to such pal 
ferences in procedure. The present study S 
designed to determine the effect of ECS ort s 
CAR when these variables are kept within t^ 
limits under which ECS has been show" 
have an attenuating effect on a CER. 


METHOD 


Subjects 


In the main experiment reported here, 60 n 
male, albino rats, 50 to 70 days old at the beginn! 
the experiment, served as Ss. Seventeen 
animals either died or were ppled by 
procedure; the data from these animals 
included in the analysis of results. 


of 


the + 


were Tl 


Conditioning Apparatus 

The conditioning apparatus consiste 
alley having walls 8 in. high of transp: 
a grid floor, 4.25 in. wide, of radially | 


The outside circumference of the i ley QE 

mately 104 in. The alley was divided ipn es per 

sections by transparent, one way doors “M am ind 
Ss to move from section t0 sect! the 


mitted the 
counterclockwise direction. only 
grid floor could be independently 


mw 

Each section an 

«d iv 
charge 


ELECTROCONVULSIVE SHOCK AND CONDITION 


electric current. delivering a mildly painful shock 
(approximately 0.6 ma., 60 cycles, with relatively 
constant current and voltage). Brief shocks of only 
0.05-sec. duration, timed by a synchronous motor and 
cam arrangement, were delivered every half-second 
beginning within no more than !: after the shock 
key was depressed. A 7.5-w. bulb at the center of the 
alley permitted a change in illumination to be used as 
a conditioned stimulus. The entire alley was covered 
by removable, fine-mesh wire screen to prevent the Ss 
from e: caping from the alley. 


E 


Preconditioning and Conditioning Training 


During the first 17 days of training (preconditioning) 
tach S was placed in the circular alley in a dimly 
illuminated room for 1.5 min. per day without any 
Presentation of either a conditioned stimulus (CS) or 
unconditioned stimulus (UCS). A record was kept of 
the number of sections traversed by each S. Prior to 
conditioning, the Ss were divided into an avoidance 
group CV. = 30) and a control group CV. = 30), matched 
on the basis of the mean number of sections tra 
during the last five adaptation trials. 

On the first and subsequent conditioning trials, a CS 
"às presented to each S alter 4 . in the alley. This 
sisted of a decrease in illumination accomplished 
by turning off the 7.5-w. light in the center of the 
alley for 2 sec, For the avoidance group the CS was 
terminated after 2 sec. If S moved to an adjoining 
Section of the alley during this period, no painful shock 
Was administered. However, if 5 failed to move during 
the 2 CS, the first of a se f 0.05-sec. painful 
Shocks (UCS) was delivered within a half. 
the termination of the CS. Repeated shocks of like 
(uration continued to be given at half-second intervals 
Until S entered the adjoining section. To avoid punish 
Ment of a correct avoidance response, the shocks were 
Ordinarily terminated as soon as S began going through 
the door, but they were resumed immediately if S 
Stopped short of a complete movement to an adjoining 
Section, Each S was returned to its home cage after 
Ls min, in the alley. 

For the control group, the CS (decreased illumination) 
Was applied for 2 sec., as for the avoidance animal 
UL no UCS (painful shock) was given. Otherwise, 
treatment for the two groups was identical. The c 
Tom the control group were used as a measure of the 


E unconditioned reaction to the CS before and after 
ie 


The nece 
trated in a preliminary experiment in which a 
‘turning on a 40-w. light) was terminated as soon as the 
moved to an adjoining section of the allev. Under 
these conditions, control animals rapidly developed an 
Scape reaction to the CS after ECS, even though the 
US had never been paired with painful shock. Animals 
that were not given ECS failed to develop such an 
Escape reaction to the CS. Apparently, the CS was 
ade more aversive by ECS treatment. Since both a 
ape reaction to an aversive CS would 


sity for such a control was cle 


m 


AR and an es 


ET E ; : 
ae ir as movement to an adjoining section of the 
s ley, at the onset of the CS, it was not possible to 
Measure independently these two res or to 


;D AVOIDANCE 


determine accurately the effect of ECS on a CAR. By 
making the duration oí the CS independent of < 
behavior in the present experiment, the possibility of 
such an artifact was greatly reduced. 

Movement to an adjoining section of the alley 
during the 2-sec. duration of the CS was arbitrarily 
defined a "correct" response. Since each animal 
ordinarily moved from section to section at a fairly 
consistent rate during the entire period in the alley, 
some of these movements would occur during the CS 
by chance. The probability of such movements during 
the CS increased as a function of the avoidance training, 
but some of the correct responses could still be attribut- 
able to the general level of activity in the alley, The 
number of sections trav d during the first 45 sec. in 
the alley (prior to the CS) was recorded as an index of 
general activity to permit a correction for activity and 
for the effect of ECS on activity. 

The animals received one conditioning trial per day 
for 59 days. At this point, 60 per cent of the avoidance 
Ss responded correctly to presentation of the CS. With 
pretreatment strength of the CAR at this level, either 
an increase or a decrease in the strength of the avoid- 
ance response easily could appear after E Prior to 
treatment the control group and the avoidance group 
were each divided into ECS CV = 18) and pseudo-ECS 
(N = 12) subgroups, matched on the basis of both the 
mean number of correct responses and the mean number 
of sections traversed prior to the introduction of the 
CS (e, activity) during the last five conditioning 
trials. 


Treatment Apparatus and Procedure 


The ECS apparatus (8) delivered. approximately 
35 ma., 60 cycles, with relatively constant current and 
voltage, through moistened electrodes clipped to 
ars, The duration of stimulation was approximate 
0.2 sec. for the first four treatments and approximately 
0.4 sec. for the last ten treatments. Full grand mal 
convulsions occurred in all animals except those 
crippled by the treatment procedure, and the 
from thes i were not included in the analy 
of results or in the figures. Exclusion of the data from 
the animals killed or crippled by ECS did not materi- 
ally alter the pretreatment matching of groups with 
respect to either general activity or number of correct 
Beginning 24 hr. after the last conditioning 
trial, ECS animals received two convulsive treatments 
per day for seven days. Pseudo-ECS animals received 
equivalent handling and had the electrodes clipped to 
their ears, but no current was used 


D 


response 


T 


Posttreatment Retention Tests 


Retention tests were begun on the fourth day after 
the last ECS treatment and were given, one each da 
i s. The CS was presented as 

but without reinforcement 


for ten succ 
usual during these ten tria 
by the UCS. 


RESULTS 
Figure 1 illustrates the sharp decline in 


number of correct. responses after treatment 
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Fic. 1. The effect of training and treatment proced: 
ures on a conditioned avoidance response. 
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Fic, 2. The effect of training and treatment. pro 


cedures on general activity’ 


among convulsed Ss as compared with non- 
convulsed Ss in the avoidance group. A smaller 
reduction in number of correct responses also 
appears after ECS in the control group. 
Since correct responses were defined in terms 
of activity (movement from section to section) 
during a specific segment of the total running 
lime, a change in general activity due to ECS 
result in an apparent change in the 
of the CAR. A certain proportion of 
number of movements from section 


might 
strength 
the total 


to section would be expected to occur. by 


GORDON T. 
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chance, during the CS. Figure 2 illustrates the 
sharp decline in general activity after ECS 
among convulsed Ss in the control group only. 
No appreciable reduction in general activity 
was observed among convulsed Ss in the 
avoidance group. The mean number of sections 
traversed during the first 45 sec. in the alley 
(prior to the CS) was used as an index of 
general activity. No CS or UCS was ever 
presented during this period; therefore, this 
measure of general activity would not be 
confounded by the occurrence or nonoccurrence 
of correct avoidance responses. X 
Factors which were not related to the dif- 
ference in treatment procedure (e.g., tempera 
ture variations from day to day) might have 
resulted in a change in activity between the 
conditioning and test trials. However, any 
change due to ECS should appear only among 
the convulsed Ss. Therefore the median per 
centage of change in activity between the last 
five conditioning trials and the first five 
treatment test trials was determined for. t 
entire control group (ECS plus pseudo-E 2 
and, similarly, for the entire avoidance group: 
Only those Ss that showed a greater loss In 
activity than the median loss for their Te 
spective groups were scored as showing reduce 
activity due to the treatment procedu EO} 
example, the median loss in activity 
entire control group was 23 per cent. 
no. 1 (ECS-Control) traversed 28 per P 
fewer sections prior to the CS on the first is 
test trials than on the last five conditions 
trials. This was a greater loss in activily that 
the median loss for the entire control group" 
therefore animal no. 1 was scored as shown? 
ity due to ECS. 
1 [for disconti! 
anc 
whether 
anima 2 


post 
he 


re. 
for the 
Anima 
cent 


a loss in general acti 

Chi squares, corrected 
were computed for the control group 
the avoidance group to determine 


juitY" 


more ECS or more pseudo-EC S uj be 
: any Baa unite 
showed a loss in activity which cou á 
i i ; . treatm 
attributed to differences 1n the trea Me 
AC 


inalysis was mé 


procedure. An equivalent a AE 
numbe! 


terms of percentage of change 1n dian 
i P > mec 
correct avoidance responses, using the n the 


) as 
grou] k 


of change in each SC 


whether more A 
eA 

`S animals showt?” 

s whi 


percentage 
cutting point, to determine 


animals or more pseudo-E 
loss in the number of correct 
could be attributed to differences 


response 
in treat 
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TABLE 1 
The Number of Animals Showing a Loss or Failing to 
Show a Loss in General Activity and in the Number 
of Correct Responses Due to Differences in 
Treatment Procedure 


Number of 


Ani "hi 
No 
loss Loss 
General Activity 
Contr, —23 | ECS 1 8 8.057 
Pseudo 10 2 
Avoid. +1 | ECS +| 60.18 
- Pseudo 435 
Correct. responses 
Contr. 0 ECS $| [0.8 
Pseudo 10 2 
Avoid. =55 ECS mE JE 
Pseudo 10 2 


* All chi squares corrected for discontinuity. 
V Significant beyond the .01 level of confidence. 


Table 1 summarizes the effect of ECS on 
general activity and on the number of correct 
avoidance responses. Activity was significantly 
reduced among convulsed Ss in the control 
group but not in the avoidance group. Con- 
Versely, the number of correct avoidance re- 
Sponses was significantly reduced among 
Convulsed Ss in the avoidance group but not 
1n the control group. 

If ECS had altered. the 
tunning response to the CS, the convulsed Ss 
m the control group would have shown either 
an increase or a decrease in running behavior 
during the CS (correct responses) as compared 
With their running during non-CS periods 
(activity), Three ECS animals and five 
Pseudo-ECS animals in this group showed a 
Steater percentage of loss in correct responses 
than in activity, while six ECS animals and 
Seven pseudo-ECS animals showed a smaller 
Percentage of loss in correct responses than in 
Activity. Since this difference does not ap- 
Poach significance (chi square less than 0.01), 
a apparently did not alter the areca 
ao Tunning response to the change m 

mination which was used as a CS for the 


unconditioned 


Avoidance group. 

es ECS did not affect activity in me 
Otra ance group, the difference in number of 
.ITéct responses between ECS and pseudo- 
“CS animals in thi group cannot be attributed 
© the effect of ECS on general activity. 
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Furthermore, there is no indication that the 
unconditioned response to the CS was altered 
by ECS in this experiment. Therefore,the dif- 
ference in number of correct responses between 
ECS and pseudo-ECS animals in the avoidance 
group indicates that ECS attenuated the con- 
ditioned avoidance response quite apart from 
these possible artifacts which are not related 
to the avoidance-conditioning procedure. 

The observed reduction in general activity 
after ECS among control animals is not 
surprising in view of previous reports (12) that 
general activity is depressed by ECS. In the 
avoidance group activity had already been 
depressed, presumably by the conditioning 
procedure (see Fig. 2), and no further reduction 
in activity was occasioned by E 


DISCUSSION 

If the assumption is made that a CAR is 
mediated by fear, the data presented here are 
superficially consistent with the hypothesis 
that ECS attenuated the CAR through a 
reduction in fear. However, the convulsed 
animals in the present study regularly showed 
exaggerated startle responses, persistent strug- 
gling to escape, and greatly increased attack 
behavior toward each other and toward Æ. A 
similar increase in apparent emotionality has 
been reported by other investigators (s T). 
Such behavior does not seem to be consistent 
with a statement that fear was reduced by 
ECS. 

Increased. emotionality is indicative of in- 
creased drive. The apparent increase in drive 
after ECS might well account for an increase 
in the strength of conditioned responses. 
Gellhorn (4, ch. 15) has attempted to account 
for an increase in the strength of weak CAR’s 
and the reinstatement of extinguished CAR's 
in terms of increased general excitation as- 
sociated with heightened sympathetico-adrenal 
activity and hypothalamico-cortical discharges 
resulting from ECS and related procedures. In 
Pavlovian theory, this general excitation 
assumes many of the functions assigned to 
drive in more recent theories of behavior. The 
importance of this mechanism cannot be 
denied or ignored, but increased general 
excitation cannot account for both the increase 
in the strength of a CAR reported by Gellhorn 
and the attenuation of a CAR observed in the 


present study. 
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Mowrer (11) and. Miller (10) assume that 
fear has both drive properties and stimulus 
properties. According to this view, the stimulus 
properties of fear constitute the CS which 
elicits a CAR. Fear stimuli are presumed to 
be response-produced stimuli; therefore a 
change in the internal fear response would 
result in a changed (different) internal fear 
stimulus. The measurement of internal fear 
responses has been concerned primarily with 
physiological changes which are mediated, at 
least part, by the hypothalamus and 
autonomic nervous system. Therefore, the 
activity of the hypothalamus and the magni- 
tude and balance of autonomic nervous system 
activity have proved to be useful indices of 
fear, Gellhorn (4, ch. 18) has reported marked 
changes in the activity and reactivity of the 
hypothalamus and autonomic nervous system 
after ECS and related procedures If this is the 
case, response-produced stimuli under the 
control of these structures are changed or 
distorted by ECS so that they are no longer 
the same stimuli and cannot be expected to 


in 


elicit the same responses. 

If this general line of thinking is correct, 
ECS would be expected to exert two opposing 
effects on responses to fear. Distortion of the 
response-produced stimuli would be expected 
to attenuate fear-mediated responses along a 
gradient of stimulus equivalence. On the other 
hand, increased drive would be expected to 
incre the strength of all conditioned re- 
sponses along this gradient. The balance 
between these two opposing effects of ECS 
would depend upon the details of experimental 
procedure and might determine the direction 
and magnitude of the effect of ECS on fear- 


mediated responses. 

The present study differs from other studies 
of the effect of ECS on a CAR in several details 
of conditioning procedure, the amount of ECS, 
and the interval between treatment and 
testing. Previous research (1, 2, 3, 5, 8) has 
shown that these variables are important in 
determining the effect of ECS on a CER, and 
they may be equally important in determining 
the effect of ECS on a CAR. The details of 
procedure would determine the 


conditioning 
and, 


of 
thereby. the amount 
vould result from a given amount of change in 


amount stimulus generalization 
of attenuation. which 
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the fear stimulus. The amount of ECS would 
determine the extent of change in the fear 
stimulus. Hamilton and Patton (7) report that 
reinstatement of an extinguished CAR is 
transitory and cannot be demonstrated 48 hr. 
after the last ECS. Therefore, the period 
between treatment and testing appears to be 
of great importance. 


SUMMARY 
n this 


Sixty male albino rats served as Ss i 
an 


experiment. They were divided into 
avoidance group (.V = 30) anda control group 
(x = 30), matched on the basis of their 
locomotor activity in a circular alley prior t9 
conditioning. The avoidance animals were 
given 59 conditioning trials, one per day. 
during which they learned to avoid a .6-ma- 
painful shock by moving forward to 2^ 
adjoining section of the alley at the onset of & 
CS (reduced illumination). The control animals 
were given equivalent training in the alley: 
xcept that the CS was never reinforced PY 


e 

; ^u :mals in 
painful shock. Eighteen of the 30 animals !! 
each group were then given 14 electro" 


1 PET ion 
convulsive shock (ECS) treatments. Retentio! 


tests were begun on the fourth day after the 
last ECS treatment to determine the effect ° 
ECS on general activity and on the retention 
of the conditioned avoidance response. 
The general level of activity in the alley 
in the con 
CS among 
con- 


was 
significantly depressed by ECS ge 
animals but was not affected by E 
animals that had received avoidance 
ditioning prior to treatment. 

The conditioned avoidance response ' 
significantly attenuated by ECS. Changes : 
general activity and changes in the unco 
ditioned response to the CS were ruled out ^ 
determinants of this attenuation. 

It was tentatively assumed, 
purposes, that a conditioned 


1 s Ter 
response is mediated by fear. An attempt 7 
S on 5UC7 


was 


ssent 

for prese! 
avoidant? 
t was 


made to account for the effect of ECS Q eat 
responses to fear in terms of changes 1" “07 
stimuli associated with changes in ua 
thalamic and autonomic activity and in yeri 


Era ibn apo Alter?" 
of drive changes resulting from El s. Al 


tive interpretations were not ruled out. 
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A FURTHER STUDY ON THE RETROACTIVE EFFECT OF ECS 


ROBERT THOMPSON asb WAID DEAN 


Louisiana State University 


Numerous studies have shown that convul- 
sive shock particularly affects memories of 
newly acquired habits (cf. 1). Only very re- 
cently, however, has an attempt been made to 
investigate the functional relationship between 
the degree of memory loss and the age of the 
acquired habit. In a study by Duncan (2), rats 
were trained on an avoidance conditioning 
problem, receiving one trial daily for a total of 
18 days. In one group, an ECS was induced 20 
sec. after the termination of each trial. Addi- 
tional groups received one ECS 40 sec., 60 sec., 
4 min., 15 min., 1 hr., 4 hr., and 14 hr., respec- 
tively, after each trial. Duncan's results showed 
that if an hour or more elapsed between the 
end of the trial and the induction of the con- 
vulsion, there was no apparent memory loss. If 
induced within 15 min., however, a significant 
deficit in memory was observed as shown by 
the depressed learning rate of the avoidance 
response. The observed deficit was inversely 
related to the length of time intervening be- 
tween the completion of the trial and the onset 
of the convulsion. Gerard (3) reports a study 
similar to the one by Duncan in which hamsters 
ing intervals after 


were given an ECS at var) 
the termination of each trial in a maze situa- 
tion. The results obtained from this study were 
essentially the same as Duncan's, except that 
he administration of an electroshock after 1 
hr. still had some retarding effect on maze per- 
formance. 

It is to be noted that the results derived from 
hese two studies are complicated by at least 
wo factors other than disruption of the mem- 
sry trace. Since a number of shocks was given 
to the Ss during the course of each experiment, 
he observed retardation in learning may have 
been aggravated by the cumulative effects of 
repeated convulsions. In addition, the Ss that 
received convulsions very shortly after each 
trial may have been subject to some negative 
conditioning to the goal box. 

The present study attempted to investigate 
this functional relationship without the com- 
herent in the foregoing experi- 
ments. To eliminate the cumulative effects of 
ated convulsions and to reduce the possi- 


plications i 


repe 
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bility of negative conditioning to the goal box, 
the effect of only one ECS was studied. This 


ssitated giving a single convulsive shock at 
ot 


nece 
varying intervals after the completion 
learning. 

In a previous paper (10), a discrimination 
box was described which utilizes the motive ol 
avoidance of shock. With this apparatus, 1018 
possible to train rats by means of massed prac 
tice on a visual discrimination (e.g. horizontal 
vs. vertical stripes) with relative case. In the 
present experiment, rats were trained in one 
session to a criterion of learning after which 2 
single ECS was given at varying intervals sub- 
sequent to mastery of the discriminative T€ 


. restet 
sponse. Its effects upon memory. were teste 
two days later. 
METHOD 
Subjects 
ised 


rain were t 

nda e 
| training. n 
s were kept ! 


Sixty male albino rats of the Harlan st 
At the beginning of experiments 
e from 65 to 100 days of age. Ml. 


once 3 rood an 
individual cages and had continuous acce: to food i 
water. Individual handling was pract ed. four 687 
prior to the beginning of preliminary training. 
Apparatus | 


The discrimination apparatus may be seen 1n n 
in a previous paper (10). It consisted of a start ho 
V-shaped choice chamber and a goal box. Between jing 
start box and the choice chamber was a vertical slic Sit 
parent plastic. The floor of Us per 
yin 


door made of tra d 
c and the choice chamber was made into à gri 
ng of transversely placed bronze rods, 3 Hr. 
diameter. The goal box had a floor made of wood: he 
windows, 3!y in. square, appeared at the end ol, 
choice chamber. They provided the only means 
which S could enter the goal box. Midway 
windows was a vertical partition which extent 
into the choice chamber. The entire apparatu: 
illuminated by one 100-w. bulb placed 4 ft. di 
above the choice chamber and two 73-w. bulbs mou 
just behind the start box. 
A separation of 'y in. e r each 
save for the area extending from th ol “the 
artition. He w Hs 
The am * wired 
| be charge 


jp the st 


he 


jc 


nt 
between” 
led 3M 


"I 


rect ly 
intet 


] ronze 
isted between. the br 
he base 


rod 
window to the end of the vertical pä 
parated by only 1, in. 
. in front of each window 
ilc 


rods were se 
extending 3 
that either the left or the right section cou 
by manipulation of a knife switch, MI parts ¢ 
source of 35 v. 


were connected to an a.c. 
The cerebral shock apparatu 


al 
as the 
is was the same as 


FURTHER STUDY ON THE RETROACTIVE EFFECT OF ECS 


p iy Hayes (4), except that the 0.5-sec. dura- 
Ml SIN wee E regulated by a Hunter timer, 
liverei be; aii current strength of 50 ma. was de- 

y means of alligator clips mounted on S's ears. 


Procedure 


TE NE 
is Fue Trin On Day 1, each S was trained 
avoid FM e start box into the goal box in order to 
and (he pe he S was first laced in the start box, 
box within ae d. If S failed to leave the start 
Failure to $ Sie) the grid current was turned on briefly. 
hy ticle ies the goal box within 30 sec. was followed 
5 sree dis shock. Training was continued until 
len time ully ran from the start box into the goal box 
On Dro 9 ssion without the aid of shock. . 
the ‘inde Es medium g ay cards were pla ed against 
order to es uen which S was trained. to run. In 
Card was tear iarize S equally with both windows, one 
from the i 5 ed. The locked card was rotated at random 
On a the right window. . . 
soy MONIS d, 4 and 5, all Ss were trained on a bright 
di nation involving homogeneous gray cards 
the nios gnis: in reflectance. The light card constituted 
admitte pe stimulus. response to the positive card 
other hin S to the goal box. Phe negative card, on the 
"e Sante was locked. Punishment for errors was 
tard Wu f harging the grid under which the negative 
sarily Tees ated. The method of correction was neces- 
right s Y The positive card was switched from the 
The à We É cu window ina prearranged random order. 
placed in i Training procedure w follows: Ry was 
tailed to fus start box, and the door was raised. If S 
Aelivered D e the start box within 5 sec., a shock was 
Utils € t hrough the grid. No further shock was given 
ti in Canmi an error. An error was defined. as 
SU Poach. response to the negative cdl ad 
Ae Sa forefeet in contact with the hot grid. 
Weak mugh the intensity of the shock was re tively 
chaos of the energized grid by S was readily 
Served), Twenty-five trials were given each day with 


In succes 


SD intertrial interval of 45 sec. 
Test problem. On Day 6, all Ss were trained on the 
disi a verti al discrimina ion. The Ss were first 
la «l into five groups of 12 5s each, matched on the 
hess of performance on the last two days on. the bright 
discrimination. 
A cci group was given m ed training on the hori 
ree +s vertical problem until the criterion of nine cor 
\ responses out of a series of ten trials reached. 
res rving intervals after meeting the criterion, one 
=S Was given. For one group. an electroshock was 
cu ministered 10 sec. after the last criterion trial was 
vae tl For three additional groups, an electroshock 
Sim Nut 2 min., 1 hr à i E 
don eo the last criterion trial. € 
SORE Te evoked in all experimental 5s. 1 
Piet Men the normal controls to which no E 
ministered. 
Rei ne Stimulus cards consisted of alteri 
| white stripes, the thickness of the si 
lr. Half the Ss within cach group were trainec 
sti Y to verti il stripes, the other half to horizontal 
pes. The specific training procedure employed 


respectively 
;rand mal convul 


ating black 


tions being 


«d posi- 
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throughout original learning was the same as that used 
in the brightness discrimination during preliminary 
training. 

Following a rest period of two days, all groups were 
required to relearn the same discrimination. The con- 
ditions of training were identical to those involved in 
the original learning. Training on Day 8 was continued 
until the criterion of nine correct responses out of ten 


tria reached. 


R 


Table 1 presents the original learning data 
ior the five groups on the horizontal-vertical 
discrimination problem. An analysis of vari- 
ance was applied to each of the performance 
measures in order to determine if there were 
any significant differences in initial learning 
ability among the five groups. The obtained 
F’s for trials to criterion as well as for errors to 
criterion were less than unity, and obviously 
not significant. 

Since all groups were trained to the same 
criterion in relearning as in original learning, 
the savings method was employed to measure 
the degree of retention. In ligure 1, the mean 
percentage of savings in trials and in errors are 
plotted against the time interval (seconds) 
between the last criterion trial and the onset 
of the convulsion. It can clearly be seen that 
the shorter the criterion-shock interval, the 
greater is the effect of one ECS upon retention. 
The p values for the differences in percentage 
savings between the experimental groups and 
the control group were computed by the use of 
Wilcoxon’s method (11) for unpaired replicates. 
With respect to both trial and error savings, 
the control group was significantly superior to 
the 10-sec., 2-min., and 1-hr. groups (p values 
were at least at the .02 level of significance). 
The differences between the 4-hr. group and 
the control group, however, fell far short of 
statistical significance. Of particular interest is 
the performance of the 10-sec. group. The 


TABLE 1 
Mean Trial and Error Scores to Criterion for Original 
Learning 
Group Trials | SD Errors SD 
10 sec. 17.6 13.60 9.9 7.41 
2 min. 17.6 18.63 9.4 iH 
I hr. 18.9 9.81 8.1 5.47 
4 hr. 5.2 10.48 ^43 6.83 
Control 17.4 12.65 8.4 9.21 
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original learning and the performance of the separate 
groups on relearning the horizontal-vertical discrimina 


tion problem. 


meager percentage savings in trials (4 per cent) 
and errors (1 per cent) indicate that if a con- 
vulsive shock is administered almost imme- 
diately after attainment of the criterion, mem- 
ory of the habit is virtually destroyed. 

The performance of the combined groups on 
original learning and the performance of the 
separate groups on relearning are summarized 

is to be noted that there is a 


in Figure 2. It i 
direct relationship between the length of the 
| of per- 


criterion-shock. interval and the leve 
formance on the first five relearning trials. The 
( vest revealed that the ¢ ontrol group performed 
at a significantly higher level on the first 
trials than either the 10-sec. group (p= 


five 

OO1) J-min. group (P = (01), or 1-hr. group 

(p= 05). The difference between the control 
ind the +hr. group again was not sig- 


group i 
nificant (Pp = 50). 
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DISCUSSION 

These results are consistent. with those ob- 
tained by Duncan and Gerard in two main 
respects: (a) there is a certain time lapse after 
learning beyond which the induction of electro- 
shock has no effect upon memory, and (b) 
within a certain time interval after learning. 
the deficit in memory is inversely related to the 
length of time between the completion of 
training and the onset of the convulsion. For 
the single-trial method, Duncan. found that 
shock had no effect after an interval of about 
15 min., whereas Gerard found shock to be 
effective after 1 hr. For the complete learning 
method used in the present experiment, shock 
was effective in impairing memory after 1 hro 
but not after 4 hr. This difference in the tem- 
poral effectiveness of ECS may be a function oF 
a number of variables, such as the stage ol 
learning at which shock is given, the degree 
of distributed practice, the type and difficulty 
of the learning problem, and the number ol 
electroshocks administered. 

The combined results of the foregoing studies 
y support a perseveration theory © 
memory (9) which holds that the neural activ- 
ity involved in the learning must persist for 
some time after the completion of formal train- 
ing in order to be fixated, During this period ol 
perseveration, the memory trace is presume 
to be susceptible to interference. Gerard (3) has 
suggested that the neural process underlying 
perseveration may be reverberatory activity: 
The reverberatory circuit which has been pr9- 
posed by others (6, 8) to be the model o! 
recent memory would seem to explain the 5U a 
ceptibility of newly acquired habits to convul- 
sive shock. Application of this hypothesis Ww 
visual discrimination learning in the rat, how. 
ever, does not seem likely. On the basis ? 
Lashley's analysis of the rat's visual system (^ 
it appears that all the cells within the SUE 
cortex are firing under conditions of ligh 
adaptation. Since there is good ev idence that 
of discriminative habits based qr 
; and form are localized within ths 
reverberation would have to be 
1 hr. in the presence of a 
impulses resulting 
reverber 


e 


memory 
brightnes: 
area in rats, 
sustained for at least 
continuous influx of 
stimulation. Although 
factor, the existence 
ny after € 


from 
E ration 
retinal m 
i E 
may still be a 
additional neur: 


nee of 
g pssi- 
al process o] »erati es 
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lion of learning trials seems necessary. Recent 
data suggest that neuronal metabolism may be 
a factor since the administration of anoxia 
soon after learning has the same retarding 
effects on memory as does ECS (5). 


SUMMARY 


Five groups of rats were given training on a 
horizontal-vertical discrimination problem. For 
four groups, one electroconvulsive shock was 
administered at 10 sec., 2 min., 1 hr., and 4 hr., 
respectively, after reaching the criterion of 
mastery. The fifth group constituted the nor- 
mal controls. Two days later, all groups were 
required to relearn the discrimination. 

The results of this study showed the follow- 
ing: 

1. The groups receiving a shock at 10 sec., 2 
min., and 1 hr. after mastering the discrimina- 
tive response showed significant deficits in 
memory of the habit, the deficit being inversely 
related to the time interval. 

2. There was no significant difference in re- 
tention of the habit between the control Ss and 
those Ss receiving a shock 4 hr. after learning 
the problem. These results were discussed in 
terms of a perseveration theory of memory. 
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ANALYSIS OF THE EFFECTS OF FRONTAL LESIONS IN MONKEY: 


I. VARIATIONS OF DELAYED ALTERNATION! 


MORTIMER MISHKIN asp KARL H. PRIBRAM 


Institute of Living. 


Delayed alternation and delayed reaction, 
the two problems consistently failed by mon- 
keys with lesions of lateral frontal granular 
cortex (3), present the animal with identical 
alternatives for response. The reward contin- 
gencies differ in the two tasks, but in both, 
the animal is confronted after a delay with two 
containers which are distinguishable only by 
their positions —one appearing on the left, the 
other on the right. The present experiment 
was undertaken to determine whether or not 
impairment following frontal damage is related 
to the “left-right” response choice which these 
tasks require. To this end, traditional delayed 
alternation and two variants of delayed alter- 
nation were presented: In the first variant, 
frontal operates and controls were trained to 
displace alternately two cups arranged one 
above the other; in the second, they were 
trained to alternate between displacing and 
not displacing a single centered cup. 


METHOD 
Subjects 


The 5s were eight immature macaque 
had previously undergone one-stage bilateral cortical 
resections. Four had lesions of anterolateral frontal 
cortex (LF- 2,- 3,- 5.- 11), three had resections of the 
inferior convexity of the temporal lobes (IT- 4, 
15,- 25), and one had a ventral frontal ablation (VF-10). 
The last four animals were used as controls. 

Verification of lesions in the four anterolateral frontal 
operates and in the ventral frontal control, as deter- 
mined by reconstructions from serial sections, are 
shown in Figure 1. The anatomical findings for the 
three inferotemporal controls have been presented 
elsewhere (2). 

The testing experience of these three inferotemporal 
operates and of the first three anterolateral frontal 
operates had consisted of pre- and postoperative train- 
ing on a simultaneous and a succ 


all of which 


€ visual pattern 
discrimination (2). The two remaining animals (one 
anterolateral frontal operate and the ventral frontal 
control) had received preoperative training on the tra 
ditional delayed-alternation procedure. The 
reported here were obtained in the period betwe 
month and four months after surgery. 


data 
en one 


! This study was supported in part by a grant from 
Contract DA-49-007- MD-401 of the Army. Thanks are 
due Miss Lila Rupp for histological preparation of the 
brains 
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Hartford. Conn. 


Apparatus 


Animals were trained in an air-conditioned sound: 
proofed room. The apparatus consisted of a plywoot 
enclosure divided into two sections: an unlit chamber 
for the animal cage, and an illuminated section for RT 
testing tray, which was at the level of the cage floor. < 
sliding panel interposed between the two sections ud 
cealed the manipulanda during the delay, and à ane: 
way-vision screen concealed when the sliding pane 
was raised. 

For the traditional “left-right” a 
(L-R), two containers, 3 in. long, 3 in. 
deep, were mounted 12 in. apart on the 
were covered by displaceable metal lic 
down” alternation problem (U-D), tw 
high, 3 in. wide, and 4 in. deep were 
wooden frame, 16 in. on a side, with t 
10 in. above the lower. The openings facing the i 
were covered by swinging metal doors hinged at the 
top. For the “go-no-go” alternation (G-N), a single 
container, of the same dimensions as those used in the 
L-R task, was mounted in the center of the testing (22 
and covered by a metal lid. P 

In all situations, the manipulanda were located # 
distance of 2 in. from the sliding panel 


wide, à 

testing tray and 
s. For the “Up- 
o cubicles, 3 in- 
set in a square 
he upper cubicle 
animal 


Procedure 


MI eight animals were trained on the three problem? 
in the order L-R, U-D, G- 
At the start of each daily ion, the animal 9 s 
permitted a free choice in which both cups (the SIDE 
cup in G-N) were baited. On the next trial (the I7. 
scored trial) the correct response was the opposite ds 
that made on the free trial; and on all subsequent me 
the correct response was the opposite of that require, 
on the just preceding trial, A daily session consisted us 
50 such alternation trials presented by the rerun cil 
rection technique; i.e., the reward condition obtain? 
at the time of an error was left unchanged in subseque 5 
presentations until the animal responded correct 2 
Each ser ed asa sing 
ndet 
the 
On 


was 


of such presentations was scor 
incorrect trial, Since with this method each trial p: 
with a correct response, animals training on either 
L-R or U-D task received 50 peanut rewards daily- ae 
the G-N task, however, they received peanut RE 
only for the 25 correct “go” responses; a correct re 
go” response (e, not displacing the lid) was not “it 
warded, except in the sense that the subsequent 1 
became a “go” trial. 

All presentations, including the 
were separated by 


; was 
Five seconds ` 


intervals. 


sec 
permitted for response. 
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anterolateral frontal lesions (LF) and lateral and ventral recon- 
‘tions through the cerebrum show the depth of the lesions, 


Black in the reconstructions and cross sections 


constructions of 
T Cross s 
le degeneration. 


"S 1. Lateral and dorsal re a 
I rüctions of ventral frontal control lesion (1 
{nd sections through the thalami show retrograc 
indicates damage; in the thalami black indicates retrograde degeneration 


All control operates (including the animal 
with the ventral frontal ablations) attained 
the 90 per cent criterion on all alternation 
as in less than the 500-trial limit. In the 


training on that problem was discontinued and the next 
Problem was presented 
RESULTS 
Scores for each task, indicating number of 
trials received (i.e., excluding corrections), and 
fee Correct percentage ac hieved in the final 100 
i 


problen 
ses this level was reached in less 


;. In contrast, the anterolateral 


majority of c 
than 200 tria 
frontal operates consistently received the max- 


als, are given in Table 1. 
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TABLE 1 


MORTIMER MISHKIN AND KARL H. PRIBRAM 


Variations of Delayed Alternation 


Left-Right (L-R) Up-Down (U-D) 


Go-No-Go (G-N) Left-Right (L-R) 


Per C "y Per Cent 
Subiects Per Cent Per Cent V „Per Cent — ut 
Trials Correct Last Trials Comet Last Trials c ERU : Trial 100 als 
1 EE 5 "m 5 51 
F-2 5 64 500 52 500 86 500 ` 
EPS a 60 T is 500 89 500 60 
I F-5 500 58 500 53 500 83 500 R 
LF-1 1 500 55 500 59 500 92 500 66 
IT-4 100 90 200 90 360 94 
IT-15 100 98 190 91 450 90 
IT-26 110 90 150 91 180 90 l 
VF-10 160 91 400 90 180 90. 


* LF-3 could not be trained to manipulate the swinging doors in the U-D problem. 


imum amount of training, and on the L-R and 
U-D tasks rarely exceeded a score of 60 per 
cent. 

On G-N alternation, however, the final per- 
formance of the anterolateral frontal group 
rose to a remarkably high level. One animal 
attained criterion; the three others achieved 
scores above 80 per cent. This superior per- 
formance is surprising in view of the fact that 
the controls generally required more training 
to learn the G-N task than to learn either of 
the others. 

A breakdown of the corrections into that 
portion representing extra errors (ie. ex- 
cluding the correct response following an error 
or series of errors) indicated that both antero- 
lateral frontal and control groups required 
twice as many corrections on G-N alternation 
as they did on either L-R or U-D. The antero- 
lateral frontal operates, however, averaged 
nearly 400 extra incorrect responses on the G-N 
problem; the controls averaged only 50. With 
rare exceptions the errors of all animals in 
G-N alternation were made on “no go" trials. 

Approximately six months after the animals 
had completed these three alternation tasks, 
the anterolateral frontal operates were given 
500 additional trials on the L-R problem (see 
Table 1). In spite of this additional postopera- 
tive time and training they failed to show 
improvement over their initial pe 
this task. 


any 
rformance on 


It may be noted that throughout this series 
of tasks there is no consistent relationship 


between the scores of the anterolateral frontals 


c : : "T m in 
and the extent of their lesions as shown 


Figure 1. 
DISCUSSION 

The failure of the anterolateral frontal ae 
on “up-down” alternation demonstrates tha 
the deficit produced by lesions of lateral front 
granular cortex is not related specifically s 
the “left-right” choice required by tradition? 
delayed-response-type tests. However, the Im^ 
pairment does seem to be related to some fea- 
ture common to the two-cup alternations: 
since the anterolateral frontal operates pr 
formed exceptionally well (final scores ave" 
aging 87 per cent) on the single cup “go od 
alternation. Factors not directly related to t 7 
"go-no-go" response requirements may ey’ 
contributed to this high level of performanc 
For example, the anterolateral frontal animas 
received intensive training on this task due Me 
the large number of corrections they requiret : 
inaddition, they had received extensivet anes 
previously on the two other forms of ur. 
nation. It is unlikely, however, that the ins 
tively successful performance of the antera. 
teral frontal operates on the G-N problem Li 
due exclusively to practice effects, since m 
testing of “left-right” alternation subseque 
to testing on the “go no-go” procedure did a 
reveal any improvement on the manom 
task. Furthermore, previous results with pam 
tal operates (1, 3) have shown that their sane 
on cle [ess 


ical delayed-response-type 


: vera 

remain at a chance level throughout enu 
; P p attaint 

thousand trials. Their fairly rapid atta" 
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of a high level of performance on the *go-no- 
go" variation would seem, therefore, to deserve 
further investigation. 


SUMMARY 


Four operates with lesions of lateral frontal 
granular cortex and four operated controls 
were trained on a series of delayed alternation 
problems presented in the following order: 
“left-right” alternation, “up-down” alterna- 
tion, and “go-no-go” alternation. The control 
operates required an increasing number of 
trials to learn the consecutive problems, but 
all attained criterion on all three tasks. The 
anterolateral frontal operates, in contrast, 
failed, within the limits of training, to achieve 
90 per cent correct performance on any of the 
tasks, although their final scores on 'go-no-go" 
alternation fell just short of this criterion. The 
relatively successful performance of the antero- 
lateral frontal operates on the ^go-no-go" pro- 
cedure cannot be explained entirely as an 
effect of general delayed-alternation training 


3. PRIBR: 
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since comparable improvement did not appear 
on the classical problem when this task was 
given subsequently. The results suggest that 
while difficulty specific to the "left-right" re- 
sponse choice cannot account for frontal oper- 
ates’ severe impairment on traditional delayed- 
response-type tasks, some factor other than, 
or in addition to, the delay would appear to be 
of critical importance. 
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LOCOMOTOR REACTION DECREMENT IN NORMAL AND BRAIN-DAMAGED 
RHESUS MONKEYS! 


GILBERT M. FRENCH axp HARRY F. HARLOW 


University of Wisconsin 


An initially high or rapidly rising frequency 
of response often follows the onset of change 
in an animal’s environment. After its early 
peak, this rate of response decreases to an 
asymptote in a negatively accelerated manner 
as a function of time—a phenomenon to be 
termed "reaction. decrement.” The specific 
responses involved may vary. Reaction decre- 
ment lately has been demonstrated, for ex- 
ample, by Hinde (5) for the *mobbing" call 
of the chaffinch in the presence of a predator 
and by Montgomery (9) for the locomotion of 
the rat in a maze. 

Orderly decremental locomotor reactions 
are shown by rhesus monkeys placed in a novel 
environment, a fact which may be used to 
clarify the nature of locomotion in certain 
brain-damaged animals. The hypermotility of 
monkevs with prefrontal lesions has been 
known at least since the time of Ferrier (2, 
p. 232), and similar effects of injury to rostral 
brain loci have been obtained in a wide range 
of other mammalian species. The present 
paper reports two experiments to determine 
for rhesus monkeys (a) the normal locomotor 
reaction decrement pattern following an en- 
vironmental change, and (b) the character- 
istics of the pattern in animals with extensive 
damage to either prefrontal or temporal brain 
tissue. The method of testing was the same 
throughout. 


METHOD 


Apparatus 


A cubiform activity cage measuring 2 ft. on each edge 
was constructed with sides made of vertical iron bars 
with a diameter of ?45 in. and spaced 1!5 in. apart, 
center to center. Two cylindrical beams of light, 113 in. 
in diameter, were projected through the sides of the 
cage so as to intersect at its center, 1 ft. above floor 
level, The beams of unfiltered light were propagated by 
30 w. incandescent lamps in Worner, Model 621. light 
sources. Opposite each light source was a Photobell 


1 These researches were supported in part by the Re- 
search Committee of the Graduate School from funds 
supplied by the Wisconsin Mumni Research Founda 


tion 


photorelay unit, Type ES-2, J-2, which produced @ 
115-v., 60-cycle output whenever the incident light was 
interrupted by passage of an animal through the beam. 
Light soure ad photorelays were placed at uniform 
distances of 4 ft. from the sides of the cage. Each relay 
was connected to the magnet of a second relay located 
in a nearby room. The second relay translated the out- 
put of the photorelay into on-off switching of a pe? 
circuit in an Esterline-Angus recorder, Model AW 
third pen, wired to a switch in the testing room. wae 
used to time the beginning of the experimental session- 
No quantitative estimate of contamination of the 
record by movements of the head and appendages made 
when a monkey is in a stationary position in the cage 15 
available, but observations made during a pilot stud) 
indicate that the index of locomotor activity ob 
from beam interruptions consists almost entirely 
records of total bodily movement. = 
The windows of the activity room were covered with 
opaque paper, and the room illumination was provide 
by ceiling lamps. During the testing, noises from outside 
the experimental room were either eliminated or masket 
with continuous white noise. The interior of the roo 
had not been seen by the Ss before the experiments. 


Procedure 


As soon as an animal had been admitted to the a€ 
tivity cage, Æ opened and closed the switch used 10 
time the start of the session and left the room, shutting 
the door behind him. The S remained alone in the experi 
mental room for the duration of the session, 20 mMM: 
after which 5 was returned to its home cage. Each test 
involved multiple testing and since it was de 
sired to minimize the effects of possible diurnal varii- 
tion in the level of locomotion, all yns were given at 
the same time of day for an individual animal. 


sions 


EXPERIMENT I 


This was undertaken to determine the 
course of locomotion within and between test- 
ing sessions for a group of normal, intact 
rhesus monkeys. 


Subjects and Design 


Seventeen normal adolescent rhesus monkeys W ene 
used. The primary index of locomotion was the number 
of beam interruptions made by a monkey in its move 
ments from one quadrant of the cage to another. Data 
were collected during five testing sessions, each of which 
s arbitrarily fractionated for purposes of analy 
into five, 4-min. periods; individual sessions were give” 
on successive days. Since the results of the pilot stud? 
indicated that the distribution of raw scores would sho" 
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a marked positive skewness, each of the scores was 
transformed by taking its common logarithm after a 
constant of 1 had been added to eliminate the few zero 
Scores. The design provided for analysis of variance of 
the data, the main effects being sessions, periods, and 
animals. The second-order interaction was taken as the 
estimate of population variance. 


Results 


X The analysis of variance summarized in 
Table 1 is based upon an approximately nor- 
mal frequency distribution of transformed 
Scores. The table reveals that when allowances 
àre made for the somewhat different patterns 
of performance shown by various animals on 
Successive days of testing, the only significant 
Sources of variance in the rate of locomotion 
are those attributable to differences among 
animals and to intrasession changes. 

Figure 1 shows that under the conditions of 
this test the rate of locomotion, relatively high 
at the beginning of the experimental session, 
declined to an asymptotic level by the fourth 


TABLE 1 


ummary of Analysis of Variance of Locomotion Scores 


Source d/| MS | F 
Sessions (S) | 4/0.9615/0.9615/0.0819 = 11.74* 
0.9615/0.2046 = 4.70 


4|3.5932/3.5932/0.0819 = 43.8 
16,3.0244|3.0244/0.0819 = 36.93* 


Periods (p) 
‘Animals (A) 


s 3.0244/0.2046 — 14.78* 
Sx P 16/0.1978/0.1978/0.0819 = 2.41 
Sx A | 64/0.2046/0.2046/0.0819 = 2.50* 
PA 6410.0891/0.08901/0.0819 = 1.09 


SXPXA 2560.0819 


* Significant at the „001 level. 
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MEAN LOG (BEAM INTERRUPTIONS *1) 


2 3 4 
4- MIN. PERIODS WITHIN SESSIONS 


o D 


1, Rate of locomotion as a function of successive 


hic nua i 
Is within sessions. 


4min. perioc 
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4min. period. The difference between the 
initial and final mean rates is of the order of 
magnitude of 0.5 log unit. 


EXPERIMENT II 


This test was designed to compare the over- 
all level, variability, and course of locomotor 
activity in normal monkeys with those in 
monkeys with bilateral prefrontal lobectomies 
and in monkeys with bilateral removal of the 
neocortex of the temporal lobe. 

Of particular interest is the locomotor be- 
havior of the prefrontal monkeys. On an ob- 
servational basis, Mettler (8) has concluded 
that the excessive locomotion of monkeys with 
prefrontal lesions is not an instance of hyper- 
activity per se, an incremental effect of the 
lesions independent of environmental events, 
but of hyperreactivity to external. stimuli. 
Evidence supporting this hypothesis is given 
by the observation o 


Kennard, Spencer, and 
Fountain (6) that prefrontal monkeys are very 
inactive in the absence of visual stimulation. 
Additional supportive evidence would be pro- 
vided if it could be shown that locomotion in 
prefrontal animals after an environmental 
change is not only momentarily higher, but 
also less susceptible to decay, than in normal 
animals. This would re-emphasize the inter- 
action between physiological state and external 
stimulation. 


Subjects 

The 34 monk 
had participated in I 
three groups on the basi 


s in this experiment, none of which 
periment I, were assigned to 
of anatomical status. Twenty 
one unoperated monkeys were used as controls in the 
normal group. Five animals (no. 129 [53 72]. 130 
169 [53-81], 171 [53 70]. and 172 [53 67]! were in 
the prefrontal group.* In the temporal group, there 
were 8 monkeys with temporal lobe ablations (no. 147 
[53-3]. 158 [52-4 6, 238, 239, 240. 241, and 242). 
The time of ing varied among the prefrontal animals 
from the twelfth to the fifteenth postoperative month 
and among the temporal animals from the sixth to the 
seventh postoperative month. 

Since intergroup comparisons will be made on a 
statistical basis, and since the lesions of animals in an 
operated group were grossly similar, only a brief state 


2 Two numbers are given for each animal. The first 
is the number used at the Wisconsin Primate Labora 
tory. The number in brackets is that used by the De 
partment of Physiology 
convenience in making cross references with papers to 
he published 


Both have been included. for 
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172 


Fic. 2. The shaded areas indicate the extent of the 
cortical lesions as determined by reconstructions from 
serial sections. Insofar as possible the brain contours 
and sulcal patterns were traced from photographs. 


ment will be made here of the extent of the damage. 
All ablations were produced by subpial hydroaspiration. 

Prefrontal lesions.‘ The lesions of monkey 172, shown 
in Figure 2, typify those of the prefrontal group. . total 
or near-total ablation of Brodmann’ 12 and 9 
was obtained in all cases. Area 8 was largely spared, 
although in animal no. 129 in the right hemisphere there 
was considerable encroachment of the superficial layers 
of area 8 to within about 1 mm. anterior to the bend of 
the arcuate sulcus. On the medial wall of all animals 
there was extensive damage to à 25 and those parts 
of area 24 ahead of the genu of the corpus callosum, In 
two animals the corpus callosum itself was slightly 
injured in its most anterior reaches. La 
the posterior orbital cortex remained. The olfactory 
sulcus and cortex medial to it were spared. The lateral 
ventricles were unopened, and the head of the caudate 
nucleus was not damaged by the primary lesions. In 
some monkeys there was, however, marked degenera 
tion of small parts of the anterior tip of the head of the 
caudate, probably as a result of vascular involvement. 

Tem poral lesions.® In six of the animals the anterior 
half of the temporal neocortex was removed, as repre 
sented in Figure 2 by the reconstruction of the lesions of 
animal 242. In the remaining animals, monkeys 147 and 


ge portions of 


tA detailed histological analysis of the lesions has 
been made and is available upon request to the Primate 
Laboratory. 29 Coyne Court, Madison, Wisconsin. 

‘The operations were performed by Dr. Paul H. 
Settlage of the Department of Anatomy. 

5 The operations were performed by Dr. Clinton N 
Woolsey of the Department of Physiology. 
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158, the ablation of the superior temporal gyrus was 
carried more dorsally and posteriorly. Ventromedially 
the extent of the lesions was subject to some variation 
irom animal to animal but in general reached to about 
the limit of the neocortex. 


Design 


Three 20-min. s 
second ses: 


sions were given such that the 
on followed the first by two days, and the 
third followed the second by two wee s in the pi 
ceding experiment, each session was divided into five 
successive 4-min. periods. For every period the index ol 
locomotion was taken as the logarithm of the quantity. 
the number of beam interruptions plus 1. š 

The two-tailed /^ test of homogeneity of variance 
described by McNemar (7, pp. 229-231) was used to 
compare the over-all variability of the normal and pre 
frontal, normal and temporal, and temporal and pre 
frontal groups. A like set of comparisons among the 
mean scores was made with the distribution-free d 5Ut 
tistic of Festinger (3). Parallel analyses of variance were 
carried out for the three groups. 


Results 


It was found that the variance for the pre 
frontal group (0.56) was lower than that for 
either the normal group (2.99) or the tempora 
group (2.46). The F ratios obtained in compat 
ing these variances revealed that, while one 
could not reject the null hypothesis for the 
normal-temporal comparison, there were dif- 
ferences between the variances of each of these 
groups and the prefrontal group significant at 
the .002 level. 

The geometric mean locomotion index of 
the prefrontal group (2.58) was higher than 
that of either the normal group (1.41) or the 
temporal (1.56). The differences between 
group means were not significant for the nor 
mals and temporals. The locomotion of the 
prefrontal group was, however, significantly 
greater than that of either the normal or the 
temporal group at the .01 level. Thus, for the 
groups participating in this experiment, there 
was an inverse relationship between the mean? 
and variabilities of locomotion scores. 

A further analysis of this result is desir ble. 
An examination of the graphic records ob- 
tained from individual animals shows that the 
typical patterning of locomotion in time © 
very different for the prefrontals as contrasted 
with normals and temporals. When the pre- 
frontal animal moves in this situation, it pace? 
continuously for a time: and between intervals 
of high activity there are short periods, neve" 
more than about 2 min. in length, when it re- 
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TABLE: 2 


Summary of Analyses of Variance of Locomotion Scores 


Normal Prefrontal Temporal 
Source si "s Ts 

z Sig. og. - g. 

d gp 4 jorp| 9 \ otk 
Sessions (S) 2. NS* 2 2 
Periods (P) 4.01 4 4 
Animals (A) 30. t] 4 $ 
SAKP 8! NS 8 8 
SX A 40 01 8 14 
PX A OE NS . 16.| 1 28 
SXPXA 160 32 56 


* Tested against the S X A interaction. 


mains immobile. As a result, the locomotion 
scores for the prefrontal monkeys are with few 
exceptions higher than the scores for the nor- 
mals and the temporals. Moreover, since 
periods of prefrontal inactivity are relatively 
infrequent, the scores tend toward an upper 
imit. The normal or temporal animals loco- 
motion is distributed much more unevenly and 
desultorily, yielding scores which sometimes 
luctuate markedly from period to period. 
Frequency distributions of transformed 
scores for the three groups were plotted. Those 
for the normal and temporal groups were ap- 
sroximately bell-shaped. In contrast, the dis- 
tribution for the prefrontal group was lepto- 
kurtic and negatively skewed. Therefore, a 
different transformation from that previously 
used was carried out on the raw scores of the 
prefrontal monkeys. This involved subtracting 
each raw score from 830 and taking the loga- 
tithm of the difference. The significance of 
830 is merely that it is a constant found 
useful in making a normalizing transformation. 
; of the analyses of variance, 
show that sessions dif- 
for no group, thus 
riment Land indi- 


The summaries 
embodied in Table 2. 
ferences were significant 
confirming the result of Expe \ 
cating high stability of the locomotor reaction 
from session to session. It is remarkable that 
prefrontal animals did not show enough indi- 
vidual differences to contribute a significant 
source of variance, even though the lesions of 
the several animals in this group differed some- 
what in extent. There were significant indi- 
vidual differences both normal and 


temporal monkeys. E: 
Although periods were not a source of sig- 


among 


: 
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nificant variance for the prefrontal group, they 
were for the normal and temporal groups. In 
Figure 3 the points were obtained by calculat- 
ing the mean period score for each group over 
the three sessions. For all groups, the locomo- 
tion scores are given in terms of mean log 
(beam interruptions + 1). An Alexander (1) 
test for trend was applied, and the results are 
in Table 3. Since for none of the groups was 
the F ratio yielded by testing Group Devia- 
tions from Linearity against Individual Devia- 
tions from Estimation greater than unity, 
straight-line fits of the data were deemed 
appropriate. For the prefrontal group, as 
indicated by the result of the test of Group 
Slope against Individual Deviations from 
Estimation, the slope of the least-squares 
straight line was not significantly different 
from zero. Although for both normals and 
temporals there is a significant component of 
Group Slope, the slope of the line for the 
temporal group is possibly attributable to 
individual variation. Under the conditions of 
these tests, there was a decrease in the rate of 
locomotion during the 20-min. testing session 
for the normal and temporal monkeys but no 
decrease for the prefrontal monkeys. 

The analyses of variance showed significant 
individual differences in the normal and tem- 
poral groups. Coefficients of reliability were 
calculated on the data for the normal group. 
Comparison of sessions 1 and 2, sessions 1 and 
3, and sessions 2 and 3 yielded r’s of .76, .75, 
and .82, respectively, each coefficient. being 
significant at the .01 level. Therefore, the 


Biloteral Prefrontals (N*5) c 


Biloteral Temporols (N=8) 5 
Unoperoted Normals (N*2I) e 


MEAN LOG (BEAM INTERRUPTIONS +1) 


o 


4 -MIN PERIODS WITHIN SESSIONS 


Fic. 3. Rate of locomotion of cach g 


roup as a function 
ve J- min. periods within sessi 


of succ 


ons. 
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TABL 
Alexander Trend Tests on Locomotion Scores 


Results of 


M. FRENCH AND HARRY F. HARLOW 


Normal Prefrontal Temporal 
Comparison = = — —— E ; = a 
i df Sig. of F df Sig. of F dí Sig. of F 
Group dev. from linearity 3 NS = NS X NS 
Ind. dev. from estimation 60 12 2 
——  (GEDUB'SIOBE x .001 Ex NS 1 001 
Ind. dev. from estimation 60 12 21 
Group slope a .001 l AS i NS 
Individual slope 20 + 7 


stability of the test is relatively high for inter- 
session intervals of at least two weeks. 
DISCUSSION 

The pattern of locomotion clearly shown by 
normal monkeys during continuous exposures 
to an initially novel environment has been 
called “locomotor reaction decrement.” Many 
terms have been operationally defined as the 
dropping out or lessening of movements in 
response to stimuli continuously or repeatedly 
presented; a few are “acclimatization 
tive adaptation, " “accomodation,” "stimulus 
satiation," and "exploratory dane? Reaction 
decrement has the advantages of not having 
other more customary usages and of not im- 
plying a possibly faulty explanation of the 
facts. 


," "nega- 


Harris’s (4) comprehensive review of the 
literature on what we have called reaction 
decrement leads to the conclusion that it is 
haracteristic of intact organisms over the 
entire phylogenetic range. The presence of 
broad morphological variations from phylum 
to phylum indicates a problem in specifying 
the structures which, at any given level, are 
most intimately involved in the mediation of 
this class of phenomena. 

The present studies have demonstrated for 
the rhesus monkey, at least, that injury to the 
prefrontal brain is followed by profound mod- 
ification of reaction decrement in the sphere of 
locomotion. In the situation employed here, 
not only is the rate of locomotor responding 
much higher and less variable for prefrontal 
as compared with normal monkeys, but also 
the rate is less subject to decay within ses- 
sions. A theory of the effects of prefrontal 
damage which considers the typical increase in 


locomotion only as the result of supposedly 
endogenous constant factors cannot well ex- 
plain the observations, since it cannot predict 
the observed differences in decrement. A 
theory, such as that envisioned by Mettler 
(8), w hich would take into account differential 
reactivity of prefrontal animals to external 
stimulation is indeed required. These prelim- 
inary demonstrations obviously must be fol- 
lowed by more precise specification of the 
relevant stimulus parameters before the latter 
type of theory can be developed adequately: 
SUMMARY AND CONCLUSIONS 

In the present paper a method of assessing 
the locomotor behavior of monkeys placed in 
an initially novel, but thereafter constant, €n- 
vironment has been described. Application of 
the method led to the following results: 

1. The normal rhesus monkey at first shows 
a high rate of locomotor responding. The rate 
of response decays in a negatively accelerated 
manner as a function of the length of time of 
continuous exposure, finally reaching an 
asymptote. Re-exposure to the situation after 
periods of from 24 hr. to two weeks results in 
no significant difference in the rate or temporal 
patterning of locomotion in groups of intact 
animals, although individual animals may vary 
in their relative level of response on successive 
da In spite of this, coefficients of stabilitY 
are found to be relativ: ely high. 

2. Brain operations involving bilateral te” 
moval of the neocortex of the te 


mporal lobe 
with minimal damage to other temporal lobe 
structures have statistically 


did on locomotor reactions in this 


no significan! 


situation 
Bilateral ablations of the prefrontal area 
Nos in a rate of locomotion which is reliab^? 
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higher, less variable, and less susceptible to 
decay within sessions than is that of normal 
and temporal monkeys. 
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THE EFFECT OF FLUID DEPRIVATION ON TASTE DEFICITS FOLLOWING 
CORTICAL LESIONS: 


ROBERT M. BENJAMIN? 


Brown University 


Whether or not a deficit in taste discrimina- 
tion follows cortical lesions in rats depends 
upon the type of discrimination test employed. 
If the usual two-bottle preference technique is 
used as a measure, the postoperative quinine 
thresholds may increase to thirty times the 
preoperative level after ablation of the cortical 
receptive zone of the chorda tympani and 
IXth nerves (1, 2). In this test the animal is 
presented with two bottles, one containing 
water, the other quinine solution. Under these 
conditions the amount of quinine consumed in 
a given period is inversely related to its concen- 
tration. When the concentration is sufficiently 
low, the animal shows no discrimination (i.e., 
drinks equal amounts of water and quinine 
solution). Following such lesions this null point 
is reached at a much higher concentration than 
preoperatively. 

These operated animals, however, will dis- 
play normal discrimination in what might be 
labeled a one-bottle, high-deprivation test. 
Here, the test fluid is presented for 1 hr. follow- 
ing 16 hr. of fluid deprivation. When strong 
concentrations of quinine are presented, the 
I-hr. consumption is considerably less than the 
consumption of water for an equivalent test 
period. A concentration is reached where the 
consumption of water and quinine is equal. 
This null-point either remains the same or 
shifts to a lower concentration postopera- 
tively (1). 

There appear to be two variables in the ex- 
perimental situations which might account for 
these differential results: the arrangement of 
the stimuli (one vs. two bottles), or the fluid 
deprivation state (16 hr. vs. none). Correlated 
with a deficit are both low deprivation and two 
bottles; with no deficit, one-bottle and high 


deprivation. Table 1 illustrates the combina- 


! Part of this research was supported by a contract 
between. the Office of Naval Research and Brown 
University. The research was completed. while the 
author held a Corinna Borden Keen Research Fellow 
ship from Brown University 

? Now at departments of Physiology 


and Psychology, 
University of Wisconsin, 
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tion of variables which produces deficits in 
operated animals and that which does not, and, 
further, it shows the two remaining combina- 
tions of variables which will be explored in the 
two experiments reported here. 

If deprivation is the crucial variable, then 
operated animals should show a deficit on a 
one-bottle, low-deprivation test ( Experiment 
I), but not on a two-bottle, high-deprivation 
test (Experiment II). If the stimulus arrange- 
ment is the factor, then the reverse would 
obtain. 


METHOD 


Experiment 1. One-Bottle, Low Deprivation 


The experimental animals were male albino rats. 
three to four months of age. The operative and his- 
tological procedures were de ibed in an earlier paper 
(2). Each animal was housed in an individual cage to 
the front of which could be fastened one or two 100-cc. 
graduates equipped with rubber stoppers and matched 
drinking tubes. The experiments were conducted in an 
air-conditioned room with a constant temperature of 
70° F. + 4°, 

As a check on the adequacy of the lesions, the 
animals were first run on the standard two-bottle. 
low-deprivation test followed by the one-bottle, low 
deprivation tes 

In determining the two bottle thresholds, a given 
concentration of solution was presented for a total ol 
38 hr, the position being controlled by a double- 
alternation sequence. That is, the solution would be 
placed in the left bottle for 24 hr., then the right for 
the same period. The next concentration started on 
the right, then the left, etc. The position of the bottles 
and drinking tubes remained constant. By this pro 
cedure position habits ane extragustatory cues were 
controlled, , 

A descending series oi molar concentrations of 
quinine hydrochloride (QHCI) were used as follows: 
0002, 00008, -00003, .00002, «000008, 000003, 000002. 
The threshold was defined as the last concentration 
at which the quinine intake constituted less than 25 


per cent of the total fluid intake. i 
The procedure for the low deprivation, one a 
test was exactly the same as that used in the high 


deprivation, one-bottle test (1) 
tions were presented for 24 iri T 
adaptation period when only water was presented, 
quinine solutions and water were presented on alter 
nate da Threshold was defined as the lowest UP 
centration at which the test. period intake of quinine 


except that the solu 
at is, after a five day 


1 
É 
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TABLE 1 
Combinations of Variables Investigated Previously 
and in the Present Experiments 


Deprivation State 


Stimulus 
Arrangement = 
High Low 
1 bottle Normal Exp. I 
2 bottles Exp. I Deficit 


TABLE 2 
Schedule for the Two-Bottle, High-Deprivation Test 


Period Time Fluid 
Test 1hr. Tap water or 
QHCI solution 
Rest 1!» hr. None 
Free access 515 hr. Water 
Deprivation 16 hr. 


None 


TXBLE 3 
Postoperative Threshold Changes For Experiment I 
in Terms of Each Animal’s Own Preoperative 


Threshold 
Stimulus 
, Animal Arrangement 
Group No. E 
| | 2-bottle | 1-bottle 
Experimental 169 | 10.0 
| 167 10.0 
172 6.7 
166 3.8 
163 2.5 
162 » 
Control 161 
171 
| 174 
175 
170 
173 


solution was less than the water intake on the preceding 
or following 24-hr. periods. The same descending 
series of quinine solution were used. 

Following these preoperative tests, the animals were 
divided into. two groups. The composite nerve area 
Was removed. bilaterally in the experimental animals. 
This area was constructed from the maps of six evoked 
potential recording experiments utilizing electrical 
stimulation of the IXth and chorda tympani nerves 
(2). The control animals were not operated. Postoper 
tive tests were begun after an cight-day recovery 
period, 

Thus, there were five stages in the experiment: 

1. Two bottle, low-deprivation test (V 18). 

2. One bottle, low-deprivation test (Y = 18) 


3. Control Group (Y = 6). Rest period, 8 days. 
Experimental Group (Y = 6). Operation and re- 
covery, 8 days. 

4. Two-bottle, low-deprivation test. 

5. One-bottle, low-deprivation test. 


Experiment II. Two-Bottle, High Deprivation 


Eighteen albino rats, 110 days of age were used. 

The animals were not run on the standard two- 
bottle, low-deprivation test in this case. Thus, there 
were only three steps in the experiment: 

l. Determination of the two-bottle, high-depriva- 
tion QHCI thresholds (V = 18). 
2. Control Group (V 6). Rest period, 8 days. 
perimental Group (V = 6). Operation (composite 
nerve area ablation) and recovery period, 8 days. 
Large Lesion Group (V = 5). Operation (large lesions 
of cortex including composite area) and recovery, 8 
days. 

3. Postoperative two-bottle threshold determination. 

The order of presentation of the stimuli, concentra- 


Vic. 1. Reconstructions of the lesions in the experi 
mental animals, Experiment I. The composite nerve 
area is outlined. 


TABLE 4 
Postoperative "Threshold Changes on the Two-Bottle, 
High-Deprivation Test (Experiment 11) in Terms 
of Each Animal’s Own Preoperative Threshold 
Large Lesion 


Control Experimental 


x317 0.00 | x315 0.00 x313 10.0 


320 0.00 309 0.00 314 6.7 
323 0.40 | 310 0.00 36 4.0 
319 0.15 308 0.38 307 1:5 
321 0.15 | 311 0.04 300 0.0 
304 0.10 312 0.04 
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Lesion Group) in which it was attempted to remove 
a large part of the neocortex bilaterally including 
the composite area. 


RESULTS 

Experiment I 

Preoperative thresholds. The mean two-bottle, 
low-deprivation molar threshold was .000035; 
the one-bottle, low-deprivation, .000043. The 
Wilcoxon (4) test for paired replicates indicates 
there is no significant difference between these 
thresholds. 

Postoperative thresholds. The postoperative 
results are presented in Table 3. In order to 
facilitate comparisons, these thresholds have 
been expressed in terms of the relative change 
from each animal’s own preoperative threshold. 
Thus, 10.0 indicates the postoperative thresh- 
old increased to 10 times the preoperative level; 
0, no change; and .10 indicates a decrease t0 
one-tenth the preoperative level. The differ- 
ence between the experimental and control 
groups is significant (p « .01) on both tests 
(Wilcoxon unpaired replicates test [4]). 


oh 


either re 


2. The thresholds for al 


The following generalizations can be made: 
1. The thresholds for the Control animals 
ained the same or decreased on both 
the one- and two-bottle tests postoperatively. 


the Experimental 


animals increased on the two-bottle test, and 


live of the six increased on 


where any remains, is out 
mals (no. 169, 167, 172) 


other three animals various 


some correlation between t 


the one-bottle test. 


Histological. The lesion reconstructions (solid 
black) appear in Figure 1. The composite area, 


ined. In three anl- 
essentially all the 


composite area was removed bilaterally, In the 


amounts of the area 


were left intact. It is interesting that there is 


ne size of the deficit 


Te. 


Vic. 2. Reconstructions of the le 
mental and large lesion animals 


ions in the experi 
periment IT. The 
composite nerve arca is outlined and can be seen in its 
entirety in the left hemisphere of no. 306 


Vons, and definition of threshold were the same as for 
the two-bottle, low deprivation test in Experiment I 
except that the solutions were presented for 1 hr 
following 16 hr. of fluid deprivation. The 24-hr. schedule 
for the tests is indicated in Table 2. As indicated 
above, a third group of animals was included (Large 


and the amount of composite area destroyed. 
In animals 166 and 167 there was damage to 
the corpus striatum unilaterally, but there was 
no subcortical damage in the other four cases. | 


TABLE 
Effect of Cortical Ablation with Various Combinations 
of Deprivation State and Bottle Arrangement 


i privation State 
Stimulus Deprivatior 


\rrangement 
Low 


High 

"i 
1 bottle | 
2 bottles 


Normal 
Normal 


Deficit 
Deficit 


TASTE DEFICI 


Experiment IT 


Preoperative thresholds. The mean two-bottle, 
high-deprivation molar threshold was .000038. 
Since the animals were not run on the standard 
two-bottle, low-deprivation test, no direct 
comparison can be made. There is, however, 
no significant difference between these two- 
bottle, high-deprivation thresholds and either 
the one- or two-bottle, low-deprivation thresh- 
olds of Experiment I (Mann and Whitney U 
Test, 3). 

Postoperative thresholds. The postoperative 
threshold changes are presented in Table 4. 
The results are summarized below: 

1. The thresholds for both the Control and 
Experimental animals either remained the 
same or decreased postoperatively. 

2. The thresholds of 4 of the 5 Large Lesion 
animals increased postoperatively. 

3. The difference between the Large Lesion 
group and both the Control and Experimental 
groups is significant (p < .01, Mann and 
Whitney U test). 

Histological. The lesion reconstructions ap- 
pear in Figure 2. Essentially all the composite 
area was destroyed in three animals of the 
Experimental group (numbers 315, 308, 310), 
and varying amounts remained intact in the 
other three. In the Large Lesion group essen- 
tially all the composite area was destroyed in 
three animals (no. 314, 316, 313), approxi- 
mately one-third remained bilaterally in no. 
307, and nearly all the area survived in no. 306. 
The latter animal had no deficit. Destruction 
was confined to the cortex with minor invasion 
of subcortical white matter in a few cases. 


DISCUSSION 

The results as represented in the completed 
block indicate that the difference previously 
observed between the one-bottle, high-depriva- 
tion and the two-bottle, low-deprivation tests 
can be accounted for in terms of the single 
factor of fluid deprivation (Table 5). 

Under low deprivation, regardless of the 
stimulus arrangement, ablation of the IXth 
and chorda tympani receptive areas produces 
increased thresholds. Under high deprivation, 
the ablation has no measurable effect. 

If large lesions are made which include not 
only the composite area, but most of the rest of 
the neocortex as well, then deficits can be 
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demonstrated under high-deprivation condi- 
tions. Whether this is a “mass” effect or 
whether there is a locus for a high-deprivation 
deficit cannot be determined from these ani- 
mals. It is not even certain that the composite 
area must be included in these lesions if a 
deficit is to follow, although the data of 
animals 306 and 307 would suggest this 
conclusion. It is evident, however, that as the 
deprivation conditions change, the neural 
structures necessary for normal discrimination 
also change. Thus, taste discrimination, even 
under these relatively restricted conditions, is 
not a unitary process which can be referred 
to a single “taste” area. Localization of func- 
tion, at least as far as taste is concerned, must 
be in terms of the experimental variables 
rather than some abstracted discriminative 
capacity. 


SUMMARY 


Whether ablation of the chorda tympani and 
IXth nerve receptive area of the cortex pro- 
duces deficits in taste discrimination depends 
upon the type of discrimination test employed. 
Increased thresholds will follow such lesions on 
either a one- or two-bottle test if the animal is 
under conditions of low fluid deprivation. 
Under high fluid deprivation (16 hr.) the 
postoperative performance is normal with 
either a one- or two-bottle test. High-depriva- 
tion deficits can be produced, however, if most 
of the neocortex is removed in addition to the 
taste nerve area. It is concluded that the taste 
nerve area is necessary for normal taste dis- 
crimination only under conditions of low 
fluid deprivation and that other cortical areas 
are involved in discrimination when fluid 
deprivation is high. 
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THE EFFECT OF ADRENALINE ON A CONDITIONED AVOIDANCE 


RESPONSE! 


MARY ELLEN KOSMAN axp R. W. GERARD 


Neuropsychiatric Institute, University of Ilinois, College of Medicine 


The acute fear “paralysis” which occurs in 
some soldiers when going into combat might 
be associated with the excessive discharge of 
adrenal medullary hormones. Experiments 
conducted in this laboratory have shown that 
adrenaline suppresses movements produced by 
stimulation of the motor cortex, and it is 
possible that this depression of higher neural 
functions is due to a direct central action of 
the drug. The present experiment, while dem- 
onstrating a profound suppression of condi- 
tioned behavior with large epinephrine doses, 
does not support a central depressing action. 

There are few studies in the literature 
concerning the effect of adrenaline on learned 
behavior. A beneficial effect on maze learning 
in the rat was reported (1) from the intra- 
peritoneal injection of a very low dose (0.5 
cc. of a 1:500,000 solution). In the dog, 0.1 
mg. adrenaline caused an increase in the 
intensity of a conditioned response, while a 
larger dose was inhibitory (5). The drug (dose 
not stated) impaired the performance of dogs 
having excitatory and inhibitory conditioned 
responses (2). 

The following experiment was undertaken to 
determine the effect of massive doses of ad- 
renaline on the performance of a learned re- 
sponse. Rats learned a conditioned avoidance 
response, and their performance on the task 
was measured after administration of adren- 
aline. In order to determine whether any 
observed effects were central or peripheral, the 
performance of adrenaline-injected animals 
was also studied after pretreatment with the 
adrenergic blocking agent, dibenzyline (4). A 
central action would be suggested if any 
changes in performance which occurred with 
adrenaline were also present when the 
eral effects of the drug were blocked by 
line. 


periph- 
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METHOD 
Subjects 
The Ss were 30 male albino rats from the Sprague- 


Dawley strain. The animals ranged in weight from 110 to 
260 gm. 


Apparatus 


The apparatus w modified Skinner box with @ 
grid floor. The box measured 19 by 19 by 19 in nd had 
one glass wall to permit observation. Tt wa equipped 
with a 1- by 4-in. wooden pedal which was located on 
the back wall, 2 in. from the floor. The conditioning 
stimulus, a 40-w. light, was inserted through the top n 
the box. The grid was composed of 'y-in, copper hars, 
placed 'y in. apart. The current was delivered by @ 
hand-operated switch. The pedal was wired and Fi 
nected with a separate switch so that shock could b 
administered either through the grid or through the 
pedal. The shock delivered was 100 v. through a fixed 
resistance of 220.000 ohms. 


Procedure 


ed out 


Initial training. The initial training wa 
in the following manner. The rat was placed in the box 
and allowed to explore for 10 min, Current was then 
delivered through the grid, and S was trained to place 
its front paws on the pedal to e 
accomplished by giving the animal sev 
apart, during which the shock was turned off as s 1 
S approached the pedal. When 5 learned to run Loware 
the pedal to escape, the shock was continued until ^ 
touched the pedal with its forepaws. As soon as the rat 
associated the pedal with reinforcement, it tended. t? 
remain on it. The S was allowed to stay on it for 30 sec 
S was then lifted off and placed in the front of the cage 
After another 30 sec. the next trial was begun, This 
training was continued until S responded correctly 
within 3 sec.of the onset of the shock on five consecutiv’ 
trials. There was a large amount of variation in the 
number of trials necessary to meet. this criterion. | 
the rapidity of learning depended greatly upon hoy 
soon the animal discovered the pedal. 

The light was then paired with the shock, and ! ing 
animal was trained to respond to the light to avoid the 
shock. The light preceded the shock by 5 sec. and wi 
left on until the response occurred, If S placed me 
forepaws on the pedal within this 5 sec. i 
avoided the shock. Tt was permitted to remain on ihe 
pedal for 30 and was then lifted off; and the nest 
trial was given after another 30 sec. 1.5 touched th 
pedal before the onset of the light stimulus. it WES 
shocked through the pedal. If S did not respond to BE 
shock after 30 sce. of stimulation, the shock was (* 


sd 
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continued and a new trial was begun 30 sec. later. 
Actually, this problem did not arise during the training 
trials, but occurred during the test trials of some of 
the adrenaline-treated animals. 

All the Ss were given the escape training plus 30 
avoidanee trials in one session on day 1. Trials were 
recorded in blocks of 15, and each animal was given 15 
trials beyond the point where it had made 10 avoid- 
ance responses in the last block of 15 trials. No more 
than 45 trials were given on day 2. Most of the anima 
had met the criterion by this time; those which had 
not were given additional trials (no more than 45 per 


day) on days 3 and 4. The number of preliminary trials 
necessary ranged from 45 to 105. Most Ss needed only 
45 to 60 trials 


Test trials, The Ss were divided into three groups, 
matched individually on the basis of the number of 
training trials necessary to meet the criterion, and were 
tested under one of the following conditions: 

Group I: Control (V = 10) 

Group I1: Adrenaline (V = 10) 

Group II: Dibenzyline and Adrenaline (Y = 10) 
The control animals were given 60 successive trials 
beginning 2 hr. after the last training trial, The Ss in 
Group T were injected subcutaneously in the nape of 
the neck with 0.6 mg/100 gm adrenaline in oil (Abbott, 
1:500 solution) 90 min. after the last training trial; they 
were then given 60 test trials beginning !y hr. after the 
injection. Those in Group IIL were given a subcutane- 
ous injection of 0.4 mg/100 gm dibenzyline (1 mg 
solution) immediately after the preliminary trials. 
They were injected with 0.6 mg/100 gm adrenaline in 
oil 90 min. later, and their test trials followed the 
adrenaline injection by !» hr. 


RESULTS 

The means and SD’s of the number of 
conditioned responses in the 60 test trials are 
shown for the three groups in Table 1. The 
column headed ‘Avoidance Responses" refers 
to the frequency of response to light. Since, 
in some instances, the adrenaline-treated ani- 
mals failed to respond to the shock in the 30 
sec. allowed, the column labeled ‘Total Re- 


sponses” was included to show the number of 
TABLE 1 
Mean Number of Conditioned Responses 
(VY = 10 each group) 
Avoidance Total 
Group Responses Responses 
M SD M SD 
Control 00.0 0.0 


49.9 14.1 
60.0 0.0 
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responses to shock or light. Comparison of the 
means shows that the injection of adrenaline 
caused a striking decrease in the frequency of 
avoidance responses (13.0,60 as compared with 
control value of 56.2 60), and a small decrease 
in the mean number of total responses (49.9/60 
versus 60,60). In both instances dibenzyline 
provided complete protection against the loss 
of the conditioned response. 

An analysis of variance for matched groups, 
when applied to the number of avoidance 
responses, yields an F of 126.3, which, for 2 
and 18 df, is significant at the .001 level of 
confidence. Àn analysis of variance of the total 
responses gives an F of 4.6, which is significant 
at the .05 level of confidence. It can be seen 
by inspection of the means that, for both 
avoidance and total responses, it is the adren- 
aline-treated group which differs signiticantly 
from the other two groups, and that the 
difference between the means of the controls 
and the dibenzyline-adrenaline animals is not 
significant. 

DISCUSSION 

There are several possible explanations for 
the depressed performance of the adrenaline- 
treated animals. First, there is the possibility 
that the Ss’ vision was affected by vascular 
changes in the eye, and that they did not 
respond because they could not see the light 
or the pedal. This is not likely, as it was ob- 
served that most of the animals gave anticipa- 
tory responses to the light long after their 
conditioned avoidance responses had dropped 
out and, in some cases, after the loss of the 
escape response. These anticipatory responses 
consisted of startle reactions, turning in the 
direction of the pedal, and sometimes ap- 
proaching the pedal. 

The second explanation is that the drug, 
acting centrally, interfered with performance 
through an effect on either retention or on 
motivation. In the latter case the loss of the 
escape response would indicat Pa reduction in 
the primary pain drive, while the loss of the 
avoidance response would suggest a decrease 
in the fear drive which has been postulated. 
to motivate such responses (3). Although the 


ibility of a central action cannot be com- 
acts argue strongly 


pos 
pletely ruled out, two 1 
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against it: (a) Dibenzyline, which has no 
known central effects, protected against the 
loss of the conditioned response. (b) The gen- 
eral behavior of the adrenaline-treated animals 
suggested a peripheral action. 

The most satisfactory explanation for the 
effect of adrenaline on the conditioned response 
is that the depressed performance of the ex- 
perimental animals was due to a general effect 
of the drug on activity and motor capabilities, 
rather than to a specific action on the central 
nervous system. The adrenaline made the 
animals very ill- they were weak and lethargic 
and appeared to experience great difficulty in 
performing the task. They moved slowly, and 
the latency of the escape response was fre- 
quently prolonged. None of these symptoms 
was present in the Ss in which the peripheral 
effects of adrenaline were blocked by dibenzyl- 
ine, and their performance on the task was 
not impaired. Thus, the loss of the conditioned 
response in the adrenaline-treated animals was 
probably part of a general depression of ac- 
tivity arising from the peripheral effects of the 
drug, and does not indicate a specific action of 
adrenaline on the central nervous system. 


SUMMARY 


Thirty rats were taught a conditioned avoid- 
ance response and were then tested under one 
of the following conditions: 


MARY ELLEN KOSMAN AND R. W. GERARD 


Group I: Control 

Group II: 0.6 mg, 100 gm adrenaline in oil 

Group III: 0.4 mg 100 gm dibenzyline 

plus 0.6 mg/100 gm adrenaline 

It was found that the adrenaline caused a 
Sharp decrease in the frequency of the con- 
ditioned avoidance response and a slight de- 
crease in the frequency of the escape response. 
Dibenzyline furnished complete protection 
against this loss. Several interpretations of 
these results are discussed. 
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